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PREFACE 



This manual contains detailed programming and accessory information for the HP 2640B, HP 2640N, 
and HP 2640S Display Terminals. It is written to provide a system programmer with the information 
needed to use the terminal in a variety of applications. Extensive information explaining the operation of 
the terminal's data communication function is provided in a separate section. 

The HP 2640N and HP 2640S terminals use special Danish/Norwegian and Swedish/Finnish character 
sets for both the keyboard and display characters. The graphic symbols for some of the ASCII character 
codes have been changed to provide these special character graphics. 

The programming functions selected by these ASCII codes remain the same. All references in this 
manual to ASCII characters used in escape or control sequences will use the standard ASCII character 
graphic. A table of the changed character graphics is given below. 

OCTAL DECIMAL ASCII 2640N 2640S 

VALUE VALUE GRAPHIC GRAPHIC GRAPHIC 

133 91 [ * A 

134 92 \ 0 o 

135 93 ] K & 

136 94 a jj a 

173 123 { ae a 

174 124 | 06 

175 125 } i a 

176 126 u — 



In addition, the placement of characters on the terminal keyboard has been altered on the HP 2640N and 
HP 2640S terminals to accommodate the new graphic characters. Additional information on the HP 
2640N and HP 2640S is contained in the respective User Manual. 

This manual assumes that you are already familiar with operating the terminal from the keyboard. 
Operating information is given in the following manuals: 

2640B — HP 2640B Display Terminal User's Manual (02640-90109). 
2640N— HP 2640N Display Terminal User's Manual (02640-90111). 
2640S — HP 2640S Display Terminal User's Manual (02640-90113). 

The HP 2640 Service Manual (02640-90115) provides a discussion of troubleshooting, repair, and theory 
of operation for all of the above terminals. 



HOW TO USE THIS MANUAL 

This manual describes all of the terminal's programmable features. The various functional groups such 
as display control and communications are described in separate sections. If you have not used an HP 
terminal before you should read Section I for a brief overview of the terminal and its capabilities. If you 
are familiar with the HP 2640 series terminals you can use the index at the back of the manual to locate 
answers to specific questions. 

This manual is made up of the following sections and appendices: 

Section I General Description. — This section provides a brief description of the terminal, its operating 
modes, and overall capabilities. 

Section II Terminal Control Functions. — This section contains information for programmatically 
controlling the terminal's various switch settings. 
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Section III Display Memory Functions. — This section contains information for controlling the terminal 
display. Included are cursor sensing and positioning, fields, edit operations, and display enhancements. 

Section IV Device Control. — This section describes how to control an optional printer. 

Section V Data Communications. — This section describes the terminal's communication function and 
gives procedures for configuring the terminal to meet various communication requirements. 

Section VI Status. — This section describes how to obtain and interpret terminal status. 

Section VII Installation. — This section contains step-by-step procedures for installing and configuring 
the terminal and its accessories. 

Appendix A Applications. — This appendix contains examples of various terminal applications. 

Appendix B Reference Tables. — This appendix contains condensed reference information for all of the 
terminal's features. 

Appendix C Communications Flowcharts. — This appendix contains flowcharts of the communication 
function. 

TERMS AND CONVENTIONS 

The descriptions in this manual use the following text conventions: 

<character> c or (jjjj^) <character> — When a character is shown followed by a supercript c or is shown 
preceded by the (™^) key, it indicates a control character. Control characters are normally generated 
from the keyboard by holding the (*™) key down while pressing the character. 

Example: G c = bell character 

[<>] — The right and left bracket, less than, and greater than characters are used to set off variable 
parameters in some escape code sequences. These characters are added for descriptive purposes and are 
not a part of the escape sequence. They should not be transmitted. 
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GENERAL DESCRIPTION 
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INTRODUCTION 

The terminal uses a microprocessor under firmware 
control. It operates in character or block mode, with full 
editing capability. The terminal is designed for such 
applications as data entry and preparation, information 
display and editing, interactive programming, data 
communications, and time-sharing operations. 

Data communications accessories are also available to 
provide a choice of communications capability. The stan- 
dard terminal is teletypewriter compatible (EIA RS232-C 
serial asynchronous, ASCII, half or full duplex). It 
operates at speeds up to 2400 bits per second, and 
transmits either character-by-character as a fully 
interactive terminal or operates on variable length blocks 
of information. Optional capabilities include 20 mA 
current loop. The terminal can be used with a wide 
selection of modems over dialed or leased lines. 



A block diagram of the terminal is shown in figure 1-1. 
There are three major and mechanically independent 
sections: keyboard, CRT monitor, and mainframe. The 
specific functional properties of the terminal are 
determined by firmware programs resident in ROM 
(read-only-memory). It is these programs, occupying up to 
8K bytes of ROM, that make it possible for the terminal to 
have many powerful features such as self test, dynamic 
memory allocation, transparent control codes, and off- 
screen storage. 

MAINFRAME 

The heart of the system is the mainframe section, which 
can be considered a microcomputer system. In the 
mainframe is the power supply and a bus-oriented logic 
system containing the microprocessor, program and data 
memory, video display subsystem, keyboard interface, and 
data communications interface. Up to seven slots are 



Terminal Block Diagram 
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available for options and accessories. All mainframe 
modules are functionally, mechanically, and electrically 
independent, giving a high degree of flexibility and 
reducing service time. 

TERMINAL BUS 

A major element of the logic system is the terminal bus (a 
printed circuit board with connectors) which is attached to 
the bottom of the mainframe and to the power supply. The 
bus distributes power to the individual modules and 
provides data, address, and control lines for 
communication between the various logic functions. The 
terminal bus provides communication paths between 
processor, memory, input/output, and display refresh on a 
shared basis. 

All modules are slot-independent and carry their own 
select code or memory address. There are only two rules: 
group the three display modules together, and leave no 
empty slots between the power supply and the last 
module. 

A bus access cycle begins when a requesting module 
determines it needs the terminal bus for instruction or 
data fetch or input/output. If the terminal bus is busy, the 
requesting module must wait until it is available. To 
determine who gets the bus next, a priority chain has been 
incorporated. The modules nearest the power supply are 
first in the priority chain, and a module wanting the bus 
next breaks the chain for modules farther away from the 
power supply. 

TERMINAL MEMORY 

Like any other computer system, the microcomputer 
module is useful only if it has a program to execute and 
memory in which to store data. This is the function of the 
terminal memory modules, which are two types, read/ 
write or random-access memory (RAM) and read-only 
memory (ROM). The RAM stores display characters and 
data; the ROM stores terminal programs (firmware). 
Terminal programs are called firmware because the ROM 
makes them more permanent than software but less 
permanent than hardware. One half of the available 
memory is dedicated to ROM or program memory and the 
balance of the available memory locations can be used for 
RAM. All of the terminal memory is MOS semiconductor 
memory. 

Optional 4K RAM modules are added when more 
random-access memory is required for display and data 
storage. 

INPUT/OUTPUT MODULES 

Also a part of the logic system are several terminal input/ 
output modules: the keyboard interface PC A, the data 
communications PCA, the eight-bit duplex register PCA 
(used for the HP 9866A and HP 9871 A Printer interface), 
and the serial printer interface PCA. These never request 
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control of the bus, but all must respond to commands from 
the microcomputer and its programs. 

The basic I/O commands output data or control from the 
microprocessor and input data or status from the interface 
module. Each of the I/O cards has different data and 
control formats, but all are controlled by the 
microcomputer. Each I/O module has a rear edge 
connector for the attachment of a connector hood and cable 
assembly to carry the signals out the back of the terminal. 

The display subsystem has two functions that use the bus. 
Cursor control is an output function and the DMA refresh 
is a bus requestor for memory read operations. 

CRT MONITOR 

The CRT monitor section contains sweep and high voltage 
circuits, the high-resolution, low-profile cathode-ray tube, 
and fan. 



THE RASTER 

The terminal uses raster scan deflection method, similar 
to that used in television sets. In a raster scan display, the 
electron beam traverses the screen in a series of closely 
spaced horizontal lines, starting from the top. Characters 
are formed from line segments and dots produced by 
turning the beam intensity on and off at appropriate 
times. 

The terminal uses a low-profile CRT to keep overall height 
to a minimum while maintaining a screen capacity of 1920 
characters, partitioned into 24 rows of 80 characters each. 
All of the character positions are fundamentally rectan- 
gles 7 dots wide by 9 scan lines high. Four additional scan 
lines beneath the 7x9 matrix are used for the descender 
areas of lower-case characters, for underlining, and for the 
blinking underscore cursor. One other dot is used on either 
side for character-to-character spacing, and one scan line 
is reserved at the top and bottom for row-to-row spacing. 
This results in a character cell of 9 dots by 15 scan lines 
replicated over the entire screen area (see figure 1-2). 




Figure 1-2. Basic Character Cell and Half-Shift 
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ALPHANUMERIC AND 
CHARACTER SETS 



MICROVECTOR 



Two types of character sets can be stored within the 
terminal: alphanumeric sets and microvector sets. 
Alphanumeric sets support the primary use of the 
terminal, displaying textual and numeric information. 
Characters are designed around a basic 7x 9 dot matrix 
with provision for lower-case descenders. The characters 
are embellished by use of the half-shift. With this type of 
set the character-to-character spacing of two dots is 
hardwired. This prevents the design of characters that 
would form continuous horizontal lines. However, all 15 
scan lines of the row are available so that vertically 
contiguous symbol segments can be designed. An example 
of this is the three-row-high integral sign found in the 
math symbol set. 

Microvector sets use the entire 9-dot-by-15-scan-line 
character cell without the half-shift. This allows charac- 
ters to be designed with both horizontal and vertical 
continuity. This type of set finds its greatest application 
where a minimal set of graphic kernels is needed to 
represent more complex pictorial information. The figure 
on page 3-6 illustrates the use of the line drawing set in 
representing a form. 



DISPLAY FEATURES AND ALTERNATE 
CHARACTER SETS 

The basic terminal has 64 alphanumeric characters (128 
optional) and one display feature, inverse video fields 
(black characters on white backgrounds). With the addi- 
tion of the display enhancement board, up to three addi- 
tional 128-character sets can be stored within the termi- 
nal. Three display features are also added: half-bright, 
underline, and blinking fields. All sixteen possible combi- 
nations of the four display features can be applied to any 
character or characters on the screen. No displayable 
character positions are required to start, stop, or modify 
either the features or the character sets. Therefore, con- 
secutive characters on the screen may be from different 
sets or have different display features. 



KEYBOARD 

The processor scans the keyboard at discrete intervals for 
a depressed key. Each key is assigned a position in a 
matrix of 16 columns and 8 rows. This matrix provides a 
reference to a look-up table that the firmware uses to 
display the character and/or send the ASCII code over the 
data communications line. 



THE FIRMWARE 



SYSTEM MONITOR 



keyboard and the data communications interface and 
waits for something to happen (see figure 1-3) When a 
character is received from either the keyboard or the data 
communications interface, a general character 
interpretation routine is executed to determine the action 
to be taken. The monitor then performs the specified 
functions, such as putting a character on the display, 
transmitting a character over the data communications 
interface, or moving the cursor. When this has r been 
completed, the monitor returns to the basic scan loop to 
look for the next input. 



The system monitor is a section of the firmware that 
dispatches data within the terminal. The processor 
normally executes a basic loop, in which it scans the 



Power 
On 
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Initialize and 
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Cursor Advance 

Carriage Return 
Line Feed 
Home 
Clear 



Update Cursor 
Position on Display 



Figure 1-3. System Monitor Basic Loop 
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I/O SUBSYSTEM 

The I/O subsystem contains the firmware required for 
performing all input/output functions. The firmware oper- 
ates under both scan and interrupt methods. The keyboard 
is scanned at regular intervals as well as inputs from the 
data communications interface. If a new key depression is 
detected, the key number associated with this key is calcu- 
lated and used as an index into a table that assigns a code 
to the key. If the key is one of the ASCII keys, the proper 
code is determined based on the state of the CNTL, SHIFT, 
and CAPS LOCK keys. 

If the key in question is not one of the ASCII keys, the 
firmware may be required to generate a multiple charac- 
ter sequence consisting of an ASCII escape character 
followed by one or more characters that define the escape 
sequence. Keys in a third group do not generate codes at 
all, but simply perform internal terminal functions, such 
as BLOCK MODE, REMOTE, and CAPS LOCK. 

I/O associated with the display is minimal because the 
display memory access module (DMA) causes the display 
to be refreshed without processor intervention. Display 
I/O control mainly involves transmitting the cursor 
coordinates to the display whenever necessary. 

CURSOR MOVEMENT 

The firmware contains many subroutines for moving the 
cursor on the display. All cursor movement is handled by 
the firmware. When a character is typed on the keyboard 
and appears on the display, the cursor moves to the next 
column position because a cursor advance subroutine has 
been executed and has calculated a new cursor position. 
Similar subroutines exist for moving the cursor up, down, 
right, left, and home. The tab function is also a firmware 
routine; it uses a one-bit-per-column table to determine 
the next tab stop. 

DISPLAY MEMORY MANAGEMENT 

A large part of the firmware is devoted to management of 
the display memory. Most conventional terminals use a 
byte of display memory for every displayable position on 
the CRT screen. If there are many short lines, as is 
frequently the case, there is a substantial amount of un- 
used memory. The terminal does not allocate memory for 
character positions to the right of the last character 
entered, so this memory is available for other purposes. 
Turn on and turn off of the various display enhancements 
and character set selections, or start and end of 
unprotected fields between individual characters can be 
accomplished without an intermediate blank character 
position. With these features, the address of a character 
occupying a given row and column cannot be directly 
computed without some sort of scanning process. 

The display memory consists basically of a linked list of 
fixed-sized blocks of RAM (see figure 1-4). This list is set 



up in such a way that the DMA can start at the first 
address on the screen and follow the list to produce an 
entire screen of information. All memory not currently 
allocated for display use is kept on a free-storage link list. 
Individual rows are linked with next and preceding rows, 
while blocks within a row are linked only in a forward 
direction. The storage allocated for a row may be as little 
as one block (16 bytes), or much larger than 80 characters, 
depending upon the number of displayable and 
nondisplayable characters needed to create the row on the 
CRT. 




T7\ Link to New 
£3 RAM Address 

■ Display Data and 
Control Codes 

£j End of Page 



Figure 1-4. Display Memory Linked List Structure 

The firmware finds the address corresponding to a given 
character position by starting at the last known position 
and moving through the list either backward or forward 
until it finds the new address. If the end of the list is found 
before the row in question has been found, blocks are 
removed from the free-storage list and used to create new 
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rows. Once the correct row has been found, the firmware 
searches for the cursor column. If the end of the row is 
found before the column has been found, additional blocks 
are removed from the free-storage list and used to build 
the length of the row out to the column required. 
Whenever a block is required and free list is empty, an 
existing row must be released from display memory. This 
row is the first row of memory if the addition is at the end 
of memory, and is the last row of memory if a row other 
than the last row is being lengthened. 



DATA COMMUNICATIONS 

Data communications in the terminal is both a hardware 
and a firmware function. The data communications inter- 
face is a basic terminal module. This module has the 
necessary logic to interface the terminal bus to the 
communication line. 



The communication interface accepts parallel data from 
the terminal, serializes it, and adds framing or 
synchronizing bits (start and stop). It performs the reverse 
process on incoming data, converting serial data to par- 
allel and removing start and stop bits. The interface can 
generate and check parity and can also detect data over- 
runs. A status word keeps the processor informed of the 
status of the interface. 

The terminal firmware for communications has three 
main functions. First, the program reads the control 
settings on the keyboard, keyboard interface, and the data 
communications interface. Second, it processes input 
characters and transmits output characters. Many 
decisions are made on incoming characters, especially on 
control characters. The third function is modem control 
using control lines on the communications interface. Di- 
rect connections to a computer and Bell 103 type modems 
require a minimum of firmware control while Bell 202 
type modems require more control. A more detailed 
description of the data communications operation is given 
in section v. 
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SECTION 



II 



INTRODUCTION 



KEYBOARD INTERFACE SWITCHES 



This section describes the terminal's control settings and 
various other control functions. The settings consist of 
keyboard switches and keyboard Interface switches. 



The switches on the Keyboard Interface allow you to alter 
terminal operation for specific applications. Table 2-2 
contains a summary of the switches and their function. A 
more complete description of the switches is given in 
Section VII. 



KEYBOARD LATCHING KEYS 



The keyboard switch settings are listed in table 2-1. The 
operation of some of the switches varies slightly 
depending on whether the terminal is set for REMOTE or 
LOCAL operation or is in FORMAT or Non-FORMAT 
mode. Additional information on REMOTE operation and 
FORMAT mode is given in Sections V and III respectively. 



Table 2-1. Keyboard Switches 



Table 2-2. Keyboard Interface Switch Summary 



SWITCH 


FUNCTION 


LZZI 

AUTO ■ 
LF 


When depressed this switch causes the 
terminal to automatically generate a 
Line Feed character following a Car- 
riage Return. 


tzzi 

BLOCK 
MODE 


When depressed this switch places the 
terminal in Block Mode. Typed data is 
displayed but not transmitted to the 
computer until requested by the com- 
puter or until the f 1 key has been 

pressed and the computer has 
responded. When the key is up the 
terminal is in Character Mode and 
data is transmitted as it is typed. 


1 1 
CAPS 
LOCK 


When depressed this switch causes the 
alphabetic keys to generate the upper- 
case characters. The @ , A , 
[ , \ , and 1 keys are locked 
in lower case. The remaining keys 
operate normally. 


1 1 
REMOTE 


When depressed this key places the 
terminal in Remote (on-line) operation. 
Data entered from the keyboard is sent 
to the computer and the computer can 
send data including terminal control 
sequences to the terminal. 



SWITCH 


FUNCTION 


A 


Function key transmission 


B 


Space overwrite latch 


C 


Cursor end-of-line wraparound 


n 


Dona KAr\ria 

rage ivioae 


E 


Reverse action of CNTL key when used 
with - F 8 . 


F 


2640/2644 Handshake protocol 


G 


Block transfer handshake 


H 


Inhibit DC2 


J,K,L,M, 
N,P,Q,W 


(not used) 


R 


Circuit Assurance 


S 
T 


Switches S and T are used to select 
Main Channel protocol options. 


U 


CPU break 


V 


Carrier Detect 


X 


Data Speed select 


Y 


Transmit LED 


z 


Parity 
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FUNCTION KEYS 

The terminal has eight function keys 1 ft 1 - OlJ . These 
keys can be used to send a two character escape code 
sequence to the computer. The character sequences are as 
follows: 





= ESC 


P 




= EXC 


t 


m 


= ESC 


q 




= ESC 


u 




= ESC 


r 




- ESC 


V 


LI] 


= ESC 


5 


a~i 


= ESC 


w 



The function keys are normally used to select local 
terminal functions such as display enhancements and 
format control (see Section III). When the operator holds 
the ^NT?j key down and presses one of the function keys, 
the associated escape sequence is sent to the computer. 
The escape sequence can then be used to cause an 
application program to branch to a particular subroutine. 
This allows the keys to be used as a "menu" list of special 
commands. Note that the use of the CNTL key can be 
reversed using switch E on the Keyboard Interface PCA. 

Examples of typical uses for the escape code sequences are 
as follows: 

OD = ESC p = Select first subroutine 

I ft 1 = ESC q = Select second subroutine 

1 ft j = ESC r = Call second application program 

HftH = ESC s = Terminate program 



ADDITIONAL CONTROL FUNCTIONS 

In addition to the control settings there are several control 
operations that can be controlled programmatically. These 
control functions are as follows: 

• Bell — G c 

• Send Display — ESC d 

• Keyboard Disable — ESC c 

• Keyboard Enable — ESC b 

• Reset Terminal (Full) — ESC E 

• Terminal Self-Test — ESC z 

• Modem Disconnect — ESC f 

• Program Down Loading — ESC & b 



SEND DISPLAY 

The ESC d sequence causes the terminal to send a block of 
display memory data to the computer. The data sent 
depends on the Line/Page setting of Keyboard Interface 
switch D and whether the terminal is in format mode or 
not. 

Data is transmitted beginning at the current cursor 
position. If the terminal is strapped for page, data is 
transmitted until the end of the current display. If 
strapped for line, transmission stops at the end of the 
current line for non-format mode or at the end of the 
current field if in format mode. 



KEYBOARD DISABLE/ENABLE 

The terminal keyboard can be locked by sending an ESC c. 
It must then be unlocked by sending an ESC b or by 
pressing the RESET TERMINAL key. 



RESET TERMINAL 

A programmatic "Full Reset" can be made by sending an 
ESC E to the terminal. 

A full reset has the same effect as turning power on and 
causes the screen and memory are cleared. Format mode 
and display functions, are turned off or set to their default 
values. 



SELF-TEST 

The Terminal Self-Test can be executed by sending an 
ESC z. Descriptions of the self-test is given in section VII. 



MODEM DISCONNECT 

The terminal can be directed to "hang up" the modem by 
sending an ESC f. The terminal does this by lowering the 
CD (Data Terminal Ready) line for 1 second. 



BELL 

The O character causes the terminal to "beep". A beep is 
automatically generated at the end of each unprotected 
field in format mode and as the cursor passes within eight 
positions of the right margin. 



PROGRAM DOWN LOAD 

The ESC & b sequence allows special diagnostic programs 
to be loaded into the terminal and executed. The escape 
sequence must precede the program to be loaded. This 
function can be used by HP diagnostics only. 
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SECTION 




III 



INTRODUCTION 

This section contains information for controlling the 
terminal's display memory functions. The display memory 
functions change the position of display data or assign 
special attributes to blocks or fields of display data. The 
special attributes alter the way data is displayed or 
transmitted. These functions consist of the following 
groups: 

• Display Control 

• Edit Functions 

• Forms Mode 

• Display Enhancements 

• Alternate Character Sets 

The following paragraphs describe how to control the dis- 
play memory functions from a computer program. Each of 
the display functions can also be entered from the 
terminal keyboard. In addition to escape sequences, most 
of the display memory functions have been assigned to 
special keys on the keyboard. Refer to the User's Manual 
for a description of keyboard functions. 

DISPLAY CONTROL 

The display control functions are made up of cursor and 
display positioning operations. The individual functions 
available are as follows: 

• Cursor Sensing 

Absolute 
Relative 

• Cursor Positioning 

Move Cursor Absolute 
Move Cursor Relative 



Space 
Backspace 
Set Tab 
Clear Tab 
Tab 

Home Up 
Home Down 

• Display Positioning 

Roll Up 
Roll Down 
Next Page 
Previous Page 

Display Lock (Memory Lock) 

Display memory positions can be addressed using absolute 
or relative coordinate values. Display memory is made up 
of 80 columns (0-79) and a number of rows determined by 
the memory options installed in the terminal. There can 
be as many as 90 lines of 80 characters (4 screens). The 
amount of memory in the terminal can be determined 
from byte 0 of the terminal status (refer to section VI). The 
types of addressing available are: 

• Absolute 

• Screen Relative 

• Cursor Relative 

Figure 3-1 illustrates the way the three types of address- 
ing affect row or line numbers. The cursor is shown 
positioned in the fourth row on the screen. Screen row 0 is 
currently at row 6 of display memory. In order to 
reposition the cursor to the first line of the screen the 
following three destination rows could be used: 

a. Absolute: row 6 

b. Screen Relative: row 0 

c. Cursor Relative: row - 3 






fl 1 

a.) Absolute: row 6 b.) Screen Relative: row 0 c.) Cursor Relative: row -3 



Figure 3-1. Row Addressing 
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Figure 3-2. Column Addressing 



COLUMN ADDRESSING 



CURSOR POSITIONING 



Column addressing is accomplished in a manner similar to 
row addressing. There is no difference between screen and 
cursor relative column addressing. Figure 3-2 illustrates 
the difference between absolute and relative addressing. 
The cursor is shown in column 5. 



The cursor can be positioned directly by giving memory or 
screen coordinates, or by sending the escape codes for any 
of the keyboard cursor positioning operations. 

ABSOLUTE ADDRESSING 



Whenever the row or column addresses exceed those 
available, the largest possible value is substituted. This 
means that in relative addressing, the cursor cannot be 
moved to a row position that is not currently displayed. 
For example, in figure 3-lc a relative row address of — 10 
would cause the cursor to be positioned at the top of the 
current screen (relative row -3). Column positions are 
limited to the available screen positions (0 to 79 in figure 
3-2a and - 5 to 74 in figure 3-2b). The cursor cannot be 
wrapped around from column 0 to column 79 by specifying 
large negative values for relative column positions. 

CURSOR SENSING 

The current position of the screen cursor can be sensed. 
The position returned can be the absolute position in dis- 
play memory or the location relative to the current screen 
position. (Absolute and relative addresses are discussed 
under Cursor Addressing.) 

Absolute Sensing ESC a 

Example: The cursor is at column 20, row 40. 

computer: ESC a 

terminal: ESC & a 020c 040R 

Relative Sensing ESC % 

Example: The cursor is again at column 20, row 40, but 
screen row 0 begins at row 35 of display memory. 

computer: ESC * 

terminal: ESC & a 020c 005R 



The cursor can be positioned to any displayable position 
using absolute coordinates. Absolute cursor positioning is 
accomplished using the following sequence: 

ESC & a <row number) r <column number> C 

where: 

row number is 0 to 127. Row numbers greater than 
127 will cause the cursor to remain in the current 
row. 

column number is 0 to 79 
Example: Position the cursor at row 35, column 6. 
ESC & a 35r 6C 

RELATIVE ADDRESSING 

The cursor can be positioned to any position currently 
displayed on the screen by using relative coordinates. 
(±row, ± column). 

Example: The cursor is currently at row 7 and column 10 
of the screen. Move the cursor to row 9, column 6. 

ESC & a + 2r -4C 

OTHER CURSOR OPERATIONS 

In addition to positioning the cursor using coordinates, 
you can use a variety of keyboard equivalent operations. 
These operations normally require only one or two charac- 
ters to be sent to the terminal. Table 3-1 lists each of the 
operations together with its code and a brief description. 
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Table 3-1. Cursor/Display Operations 



FUNCTION 


CODE 


DESCRIPTION 


Cursor 






Line Feed 


LF (jc) 


Move the cursor to the next line. 


Return 


CR (M c ) 


Return the cursor to the left margin and clears 
messages. 




ESC G 


Move cursor to first column of current row. 


Backspace 


BS (H c ) 


Move the cursor one column to the left. 


t 


ESC A 


Move the cursor up one row. 




ESC B 


Move the cursor down one row. 




ESC C 


Move the cursor right one column. 


<— 


ESC D 


Move the cursor left one column. 


Home Up Cursor 


ESC H 


Move cursor to the beginning of the first line in 
display memory. Refer to Format Mode. 


Home Down Cursor 


ESC F 


Move the cursor to the beginning of the line fol- 
lowing the last data in display memory. 


Tabs 






Tab 


HT (I c ) 

or 
ESC I 


Move the cursor forward to the next tab 
position. 


Set Tab 


ESC 1 


Place a tab at the current cursor column. 


Clear Tab 


ESC 2 


Clear any tab at the current cursor column. 


Display 






Clear Display 


ESC J 


Clear display memory from the cursor position to 
the end of memory. 


Clear Remaining Line 


ESC K 


Clear current line beginning at the column con- 
taining the cursor. 


Roll Up 


ESC S 


Roll the screen up one row. 


Roll Down 


ESC T 


Roll the screen down one row. 


Next Page 


ESC U 


Roll the screen up 24 rows. 


Pro\/im ic Pane 
ncviuuo rdyc 


cop \/ 
COO V 


Roll the screen down 24 rows. 


Memory Lock 


ESC1 


Turn on memory lock (overflow protect). 




ESC m 


Turn off memory lock. Refer to the User Manual 
for additional information on Memory Lock. 
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TABS 

SETTING TABS. To set a tab, move the cursor to the 
desired column and send ESC 1. Once a tab is set, the tab 
function or 1 TAB 1 key can be used to move the cursor to the 
next tab setting. 

USING TABS. Once tab positions have been set you can 
tab in the same manner that you would on a typewriter. If 
there are no tab positions to the right of the cursor a tab 
function will result in a carriage return and line feed. 

CLEARING TABS. You can clear individual tabs by 
moving the cursor to the tab position and send ESC 2. 

EDIT OPERATIONS 

The terminal allows you to edit data displayed on the 
screen. This can be done by simply overstriking the old 
data. In addition, several edit operations are available. 
These edit operations are listed in table 3-2. 

MOVING TEXT BLOCKS 

You can move blocks of text or data using Memory Lock. 

Example: In the following text, move the paragraphs into 
the proper order. The current top of screen is Rev 1 of 
display memory. 



Initial order: 

(Top of screen) 3. This is paragraph 3. It 

should be last in the 
group . 

2. This is paragraph 2. It 
should be second . 

1 . This is paragraph 1 . It 
should be first (blank 
line) 

Step 1. Position the cursor in the first line of paragraph 2. 
Step 2. Turn on Memory Lock. 

Step 3. Roll up the display until the remaining para- 
graphs have rolled up under the cursor position and off the 
screen (4 lines). 

Step 4. Turn off Memory Lock. 
Step 5. Home the cursor. 

The display should appear as follows: 

(Top of screen) 2. This is paragraph 2. It 
should be second. 
1. This is paragraph 1. It 
should be first . 

3. This is paragraph 3. It 
should be last in the 
group . 



Table 3-2. Edit Operations 



FUNCTION 


CODE 


DESCRIPTION 


Insert Line 


ESC L 


The line containing the cursor and all lines 
below it are rolled down one line. A blank line 
is inserted where the line containing the cur- 
sor was. The cursor is moved to the left mar- 
gin of the blank line. 


Delete Line 


ESC M 


The line containing the cursor is deleted. 
The lines below the cursor are rolled up and 
the cursor is positioned at the left margin. 


Insert Character 


ESC Q 


Turn on Insert Character Mode (and indi- 
cator). New characters will be inserted in the 
line at the current cursor position. Characters 
that are moved past the right margin are lost. 




ESC R 


Turn off Insert Character Mode (and 
indicator). 


Delete Character 


ESC P 


The character at the current cursor position is 
deleted. Characters to the right of the cursor 
are moved one column to the left. 
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Step 6. Now move paragraph 1 by positioning the cursor 
in the first line of paragraph 1 and turning on Memory 
Lock. 

Step 7. Roll up the display until the cursor is in the first 
line of paragraph 3. 

Step 8. Turn off Memory Lock and home the cursor. The 
paragraphs should now be in order. 



ESC A a 4R ESC 1 

Position cursor Turn on 
Memory 
Lock 

ESC S ESC S ESC S ESC S 



Roll display up four lines 
ESC m ESC H 

Home cursor 



Tumoff 
Memory 
Lock 



ESC & a 3R ESC 1 ESC S ESC S ESC m 

- - ^ - 

Reposition Turn on Roll display up Turn off 

Cursor Memory 2 lines Memory 

Lock Lock 



In the following figure only the fields shown in black are 
unprotected. Even if the operator moves the cursor to a 
protected field and types a character the cursor will move 
to the nearest unprotected field before displaying the 
character. 



FORM /1876R 



PACIFIC T DDL INC 



0 7 16 1976 



0 3 19 19 76 



02 28 1976 



273 CRECENT WAY 



CALIFORNIA 8513 



INI SHED STEEL CASTINGS 



TAPE TRANSPORT BACKPL ATES 



1 1 L LED FLANGE ASSEMBLY 



I.C. DOUGLAS 



Example: Define column 1 through 9 of line 3 as 
"Unprotected". 

Step 1. Position the cursor at column 1 in line 3. 
Step 2. Send ESC [. 

Step 3. Move the cursor to column 10 of line 3. 
Step 4. Send ESC ]. 



FORMS MODE (FORMAT MODE) 

In Forms Mode the terminal prevents you from overwrit- 
ing or transmitting data in protected fields. Forms mode is 
normally entered under control of the computer. Forms 
Mode is turned on by sending ESC W. Normal operation is 
returned with ESC X. 



Now try turning on Forms Mode (ESC W) and sending 
data. Note that data can only be entered into the unpro- 
tected field. (Remember to turn off Forms Mode with ESC 
X.) 



DISPLAY ENHANCEMENTS 



PROTECTED FIELDS 

Fields can be protected so that displayed data cannot be 
overwritten or sent to a computer. When the terminal is 
placed in "Forms Mode" (Format Mode) all character posi- 
tions on the screen are protected except those fields that 
have been specifically defined as "unprotected". 

UNPROTECTED FIELDS 



The standard terminal can display data using inverse 
video (black on white). In addition, if your terminal has 
the 13231 A Display Enhancement accessory you can also 
use half bright, underline, and blinking characters. Each 
character position on the screen can be displayed with 
various combinations of these features. 

• Half Bright — characters are displayed at half inten- 
sity (grey). 



Data can be written into unprotected fields in the normal 
manner. After reaching the end of an unprotected field, 
the cursor moves to the beginning of the next unprotected 
field. The tab functions can be used to move from one 
unprotected field to the beginning of the next unprotected 
field. Fields are defined as "unprotected" by using ESC [ at 
the start of the field. ESC ] or the end of the line is used to 
end the field. 



• Underline — an underline is displayed below the 
normal character. 

• Inverse Video — the screen is white and characters 
are black. 

• Blinking — characters including the inverse video, 
underline, and half bright features blink. 
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The display enhancements are used by assigning one or 
more of them to a field. The selection sequence is: ESC & d 
< enhancement character> . 

The enhancement character (@, A through O) is used to 
select the combination of display enhancements to be as- 
signed to the field. The following table lists the enhance- 
ment character for each of the combinations. The field is 
ended by selecting another enhancement, the end of the 
current line, or by ESC & d@. 



Switching from one character set to another can be done 
on a character-by-character basis. For example, a charac- 
ter from the Math Symbol Set can be displayed next to 
characters from the basic set. This is done by defining one 
or more character positions in a line to be from alternate 
character sets. (Each group of characters can be thought of 
as a field.) 



NOTE 



ENHANCEMENT CHARACTER 



Half-Bright 
Underline 
Inverse Video 
Blinking 
End 

Enhancement 



@ 


A 


B 


c 


D 


E 


F 


G 


H 


1 


J 


K 


L 


M 


N 


0 


















X 


X 


X 


X 


X 


X 


X 


X 










X 


X 


X 


X 










X 


X 


X 


X 






X 


X 






X 


X 






X 


X 






X 


X 




X 




X 




X 




X 




X 




X 




X 




X 


X 

































Example: Define columns 10 through 14 of line 5 to be 
inverse video and blinking. 

Step 1. Position the cursor at column 10 in line 5. 
Step 2. Send ESC &dC 

Step 3. Move the cursor to column 15 in line 5. 



The following discussion assumes that 
the Math and Line Drawing character 
sets are present and are installed as 
alternate sets A and B respectively. 



SELECTING ALTERNATE SETS 

To use optional character sets, first select the character set 
to be used as the alternate. (With the terminal in its 
initial state, character set A is defined to be the alternate.) 
An alternate set is selected with the following sequence: 



Esc ) <set> where set = 



Note that if @ is used, the basic terminal set would be 
selected as the alternate. To find out which charac- 
ter set corresponds to @, A, B, or C, generate the test 
pattern by pressing the I test I key). This displays the order 
of the character sets as shown below. 



f @ 


or 


A 


or 


B 


or 


{ c 





ta&tf/ #e<3Xni©K vyvfucfQa TfcAixvtt 

tV\«x "t^OWS* VS^t 0 ^ ■i'V^SSitiS 1 * 

#ABC DEFGHIJK LMNDPQRS TUVWXYZC 

9 BB~ M SB 4009030 



Step 4. Send ESC & d @ (this ends the enhancements). 
The field should be white. 

Step 5. Send the word TERMINAL beginning in column 9 
of line 5. It should appear as shown below. (If your termi- 
nal does not have the 13231 A accessory installed the 
characters will not blink.) 



1 


1 


0 


5 


1 




EPMI 


N2H 



C Character Set 
(not installed) 

B Character Set 
A Character Set 

@ Basic Set 



Figure 3-3. Character Set Locations 



ALTERNATE CHARACTER SETS 

The terminal can display up to four different character 
sets. Each character set can contain up to 128 characters 
or symbols. In addition to the Math, Line Drawing, and 
Large Character sets available as options, you can create 
character sets tailored for special applications. Contact 
your nearest Hewlett-Packard Sales Office for additional 
information on special character sets. 



USING ALTERNATE SETS 

Once the alternate character set is defined, you can switch 
from the basic to the alternate set with a N c (SO). 

The terminal automatically returns to the base set at the 
end of a line. To return to the base set within a line, send a 
O c (SI). This means that you must send another N c to turn 
on the alternate set if it extends to the next line. 
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Example: Define the Math Set as the alternate character 
set. 

From the test pattern the Math Symbol Set is found to be 
the A alternate character set. 

An alternate set is selected with the following sequence: 
ESC ) A 

To display AaBfi send the following sequence: 

A N c A O c B N c B 
The screen should display AaB/3: 



AaB0 



Once a field has been defined as from the alternate set the 
field moves with the display. To change to a different 
alternate character set another ESC ) <set> sequence 
must be sent. 

Once a field in display memory has been defined as an 
alternate character field, it will continue to display alter- 
nate characters whenever data is written in the field until 
the terminal is reset. 

The Math Set is useful for applications requiring the use 
of equations or formulas. The elements of the optional 
Math Symbol Set are shown in figure 3-6. An example of 
the use of the Math Set is shown in figure 3-4. 



■ 




♦* 


"-h a*" 


dv = 






1 


1 




2*1 at 


< 







0 " 0 



Figure 3-4. Example Using the Math Set 

The Large Character set allows you to create alphabetic 
characters that are three times the size of normal charac- 
ters. The elements of the Large Character set are shown in 
figure 3-7. An example of how to use the Large Character 
Set to build the character "B" is shown in figure 3-5. Table 
B-3 in Appendix B shows the keys required to build each 
character. 




Figure 3-5. Example Using the Large Character Set 

The Line Drawing Set provides a limited graphics capabil- 
ity. Simple line drawings and fairly complex forms for 
data entry applications can be generated. The elements of 
the optional Line Drawing Set are shown in figure 3-8 a. 
Figure 3-8 b shows how the Line Drawing Set can be used 
to build a data entry form. 
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Figure 3-6. Math Set Elements 
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Figure 3-7. Large Character Set Elements 
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Figure 3-8a. Line Drawing Set 
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Figure 3-8b. Line Drawing Set 
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INTRODUCTION 

This section describes how to use the terminal with an 
optional printer. The terminal can be used with Hewlett- 
Packard 9866 and 9871 printers as well as most printers 
using an RS232 type interface. A list of some of the 
printers that can be used with the terminal is given in 
table 4-1. Additional information on installation is con- 
tained in section VII. 



After all of the data has been sent to the printer, the 
terminal sends a form feed command to the printer. This 
causes most printers to eject a blank page. 



The print operation causes the terminal to "Home Up" the 
cursor and then send the entire contents of display mem- 
ory to the printer. Each line of output is followed by a 
carriage return and a line feed. 



PERFORMING PRINT OPERATIONS 



A print operation is requested by a program by sending 
the characters ESC 0 to the terminal. The terminal 
operator can trigger the print operation by pressing the 

S ke y- 



CONTROL CHARACTERS 

All ASCII control characters (Null, Esc, Us, etc.) are sent 
to the printer as blanks or spaces. 



Table 4-1. Optional Printers 



PRINTER 


DESCRIPTION 


INTERFACE/ 
SUBSYSTEM 


Serial-RS232 






G.E. Terminet 


Prints at rates up to 30 characters per second. 


13250B Interface 
(order printer separately) 


Parallel 






HP 9866 


Thermal matrix printer allows quiet printing of up to 6 lines of 
80 characters per second. 


13246A/B Subsystem 


HP 9871 


Prints at rates of up to 30 characters per second. 


13349A Subsystem 


OKI CP110 


Prints matrix characters at rates up to 110 characters per 
second. 


13238A Interface 
(order printer separately) 


Video 






Tektronix 4632 


Video hardcopy unit produces hardcopy of terminal displays \ 
including display enhancements and alternate character sets. 


13254A Interface 
(order hard copy unit 
separately) 



4-1 



Device Control 



FORMS MODE 

If the terminal is in Forms Mode, data in protected fields is 
converted to blanks before being sent to the printer. This 
allows you to use preprinted forms on the printer and only 
output the data used to fill in the form. 



I LOCKED I 



1 PRINT ^ 



The locked nortion of the disolav is then outnut first fol- 



DATA COMMUNICATIONS 



SECTION 



INTRODUCTION 

This section describes the terminal's data communications 
capabilities and operating requirements. The topics in- 
clude interface specifications, network considerations, 
point-to-point operation, and communication configura- 
tion status. In addition, examples are included for typical 
network applications. 



the Basic Asynchronous and 13250B Extended Asyn- 
chronous. A list of some of the capabilities of these inter- 
faces is given in table 5-2. 

Once the interface has been selected, the terminal can be 
configured to operate with a variety of protocols, parities, 
and data formats. This is done by setting switches or 
jumpers on the interfaces. 



CONNECTING TERMINALS TO A 
COMPUTER 

The terminal can be configured to work in a variety of 
computer applications. Your communication needs can be 
met by selecting a particular interface, modem, and pro- 
tocol (communication control program). 



NETWORKS 



The Installation section contains complete lists of the pos- 
sible switch settings for each of the interfaces together 
with brief descriptions of the switches. Also included in 
the Installation section are procedures for setting these 
switches. 

Some of the communication features can be selected from 
the Keyboard and the Keyboard Interface PCA. Tables 5-3 
and 5-4 provide lists of these switches together with brief 
descriptions. 



The terminal can be connected in a variety of network 
configurations. Figure 5-1 illustrates the following 
configurations: 

• Hardwired to a computer (figure 5-1 A) 

• Connected to a computer through a modem (figure 
5-1B) 

INTERFACES 

The terminal can be used with a variety of communication 
interfaces. A list of available interfaces and a brief de- 
scription of each is given in table 5-1. The interfaces are 



Table 5-1. Data Communication Interfaces 



Basic Standard Asynchronous Communica- 

tions Interface. Standard RS232C com- 
munications interface. 

13250B Extended Asynchronous Communica- 
tions Interface. Provides either standard 
RS232C or 20 mA current loop communi- 
cations. It allows split speed and custom 
baud rates. 




Figure 5-1. Terminal Network Configurations 
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Table 5-2. Data Communications Interface Capabilities 



DATA COMMUNICATIONS FEATURES 


Interface 


Basic 


13250B 


Transfer Rate: 






110, 150, 300, 1200, 2400 bits per second and external clocking (1 10-2400) 


X 


X 


Custom transfer rates within 1% from 37.5 to 2400 bits per second 




X 


Split speed transmit/receive capability 




X 


EIA RS232-C 


X 


X 


Teletypewriter compatible 


X 


X 


ASCII 


X 


X 


20 mA DC Current Loop 




X 


Transmission Modes: 






Character Transfer 


X 


X 


Block Transfer 


X 


X 


Half-duplex 


X 


X 


Full-duplex 


X 


X 


Asynchronous 


X 


X 


Hardwired to computer; dialed (switched) or leased line 


X 


X 


Modem Compatibility: 






Bell 103A, 202D, 202C, 202S, 202T (Asynchronous) 


X 


X 


Vadic 3400 (Asynchronous) 


X 


X 


Choice of main channel or reverse channel line turnaround for 202 modems 


X 


X 


Disconnect 




X 


Error Checking: 






VRC, choice of parity generation/checking 


X 


X 
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Table 5-3. Keyboard Communications Switches 



DUPLEX PARITY 

HALF A EVEN A 

m ODD I 

FULL ™ NONE • 

BAUD RATE 




DUPLEX Switch. HALF: Typed characters are processed by 
the terminal and transmitted to the computer. FULL: Typed 
characters are transmitted to the computer and not processed 
by the terminal until returned from the computer. (This func- 
tion is ignored in Block Mode.) 

PARITY Switch. When set to EVEN/ODD/NONE, even/ 
odd/no parity is transmitted for each character. Incorrect par- 
ity: a "-" (or a "■" with Option -001) is displayed. 

BAUD RATE Switch. Selects data transmission rate of 1 1 0, 
150, 300, 1200, 2400 baud. EXT: any rate between 110 and 
2400 can be selected from an external source. The 110 baud 
rate uses 2 stop bits per character; all others use one stop bit. 



The terminal is in Remote (on-line) operation. 
Otherwise, the terminal is in local (off-line) 
operation. 



J When the terminal is in Block Mode, typed data is 
displayed but not transmitted to the computer until 
requested by the computer or until after 

the I I key has been pressed and the computer 

ENTER r 

has responded. Otherwise, the terminal is in Char- 
acter Mode and data is transmitted as typed. (See 
"Block Mode") 



P Transmits a BREAK signal to interrupt computer 
operation. (Transmits a 200 ms space on the asyn- 
chronous data communication line and sets sec- 
ondary channel low for 200 ms.) 



The indicator will be lighted when a data link exists 
for transmission between the terminal and the com- 
puter during modem operation. The Clear to Send 
line of the RS232C interface is high. 



On-Line Mode 



• Character Mode, Format Off. The entire line 
containing the cursor is transmitted as a block. 

• Character Mode, Format On. Unprotected 
characters from the cursor position to the end 
of the unprotected field are block transmitted. 
The cursor is left at the first character position 
after the end of the field. 

• Block Mode, Format Off. After receiving a DC1 
from the computer informs the computer by 
transmitting a DC2 control character (or DC2 
CR(LF) with Line Strapping - see "Strapping 
Options") that the terminal is ready to transmit 
characters from the cursor to the end of the 
line or memory (dependent on Line Page 
strapping). 

• Block Mode, Format On. After receiving a DC1 
from the computer, informs the computer by 
transmitting a DC2 (or DC2 CR(LF) with Line 
Strapping) that the terminal is ready to trans- 
mit line current field, or all unprotected fields 
from the cursor to the end of memory, each 
delimited by a unit separator, US (dependent 
on Line/Page strapping). 
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INTERFACE SIGNALS 

The signals available on each of the communication inter- 
faces are listed in the Installation section. This informa- 
tion can be used to verify interface compatibility or to 
fabricate special interface cables. 



MODEMS 

The terminal can be used with a variety of modems de- 
pending on the requirements of the given configuration or 
network. Table 5-5 contains a list of modems and the 
configurations in which they can be used. 



Table 5-4. Keyboard Interface Switch Summary 



SWITCH 


FUNCTION 


SWITCH 


FUNCTION 


A 


Function key transmission 


R 


Circuit Assurance 


B 


Space overwrite latch 


S 


(Switches S and T are used to select 


C 


Cursor end-of-line wraparound 










T 


Main Channel options.) 


D 


Page mode 










U 


CPU break 


E 


Reverse action of CNTL key when used 








with F A - F 8 . 


V 


Carrier Detect 


F 


2640/2644 Handshake protocol 


X 


Data speed select 


G 


Block transfer handshake 


Y 


Transmit LED 


H 


Inhibit DC2 


z 


Parity 



Table 5-5. Modems 



MODEM 


DATA RATE 
(BITS/SEC) 


LINE TYPE: 
DIALED/LEASED 


DUPLEX 
FULL/HALF 


WIRES 

2/4 


REV. 
CHAN. 


Asynchronous 












Bell 103A 


300 


D/L 


H/F 


2 


No 


Bell 202S 


1200 


D 


H 


2 


Option 


Bell 202C 












Bell 202T 


1200 (1) 


L 


H/F 


2/4 


Option 


Bell 202D 










Vadic VA3400 


1200 


D 


F 


2 


No 


Notes: 

1 C2 line conditioning allows operation at 1800 bits/sec. 
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COMMUNICATION PROTOCOLS 

Control of computer-terminal communications is required 
for the orderly transfer of data. This control is provided in 
the form of a protocol or a set of rules and procedures. The 
protocol used determines who sends and who receives dur- 
ing each phase of communication. In addition the protocol 
normally provides for an orderly recovery from communi- 
cation errors. 



BASIC COMMUNICATIONS 

The terminal can operate character-by-character as a 
completely interactive terminal or on a block of data at a 
time. Block transfers allow data to be composed and edited 
at the terminal allowing the user to verify and correct 
data before sending it to the computer. 



The protocols available with the terminal allow operation 
ranging from simple full duplex teleprinter compatibility 
to Bell 202 half duplex operation. The various protocols 
can be selected by installing the proper interface. The 
terminal and the interface can then be configured to meet 
your specific requirements. 

The major characteristics of the available protocols are 
listed in table 5-6. The following paragraphs discuss each 
of these protocols. 

Table 5-6. Protocol Characteristics 



Basic 


Standard communication pro- 




tocol is teletype compatible 




or can use the DC1 character 




to trigger multicharacter 




transfers. 


Main Channel 


Communication protocol uses 




special framing characters to 




control line turn-around. 


Reverse Channel 


Uses a secondary channel 




signal to give line turn-around. 



Note that in addition to these protocols the terminal con- 
tains a basic communications capability using standard 
RS232C communication signals. 



Basic Communications is a term used to refer to point-to- 
point or single terminal communications. The terminal 
can be connected directly to a computer (hardwired) or 
through a modem. In most block applications the terminal 
can use a simple "handshake" protocol with the ASCII 
DC1 character. This protocol can be used with Bell 103 or 
equivalent modems (full-duplex operation). There are two 
additional protocols available, Main Channel and Reverse 
Channel. These protocols are normally only used with Bell 
202 or equivalent modems (half-duplex operation). 



The remainder of this section provides descriptions and 
samples of control and data transfer sequences for various 
protocols. Included are examples of typical communication 
programs. Detailed flowcharts of the various protocols are 
given in Appendix C. 



OPERATING AT HIGH SPEEDS 

If the number of characters sent to the terminal in one 
sequence exceeds 80, the required terminal processing 
time may cause some of the characters to be lost. (This 
usually does not occur at data rates of 1200 baud or less.) 
The symptom of this problem is the appearance of the 9 
(delete) or - characters. 

There are two ways of insuring that this problem will not 
arise: 

• It is possible to use a call-and-answer procedure be- 
tween the terminal and the computer. If the computer 
sends an ENQ (octal 5) character after sending 80 
characters, the terminal will respond with the ACK 
(octal 6) after it has processed the characters. The 
computer can then send the next block of characters. 
This is the recommended technique. 

• Alternately, delays can be inserted in the application 
or system software after each 80 character transfer 
from the computer to the terminal. Transmitting 
NULL characters (octal 0) is one way to accomplish 
this. Each NULL character has the effect of a 4 mil- 
lisecond delay when operating at 2400 baud. As an aid 
in calculating needed time delays, a list of processing 
times for various terminal functions is provided in 
table 5-7. The times listed are typical and can vary 
greatly depending on such factors as the number of 
characters in the terminal memory or on the display, 
and the current operating mode. 



Table 5-7. Processing Times for Selected 
Terminal Functions 





TYPICAL REQUIRED TIME 


TERMINAL FUNCTION 


(MILLISECONDS) 


Cursor up/down 


5 


Cursor left 


5 


Home 


200 (Format Mode only) 


Erase-to-end-of-line 


8 (Format Mode only) 


Delete character 


32 


Format on 


200 


Line feed 


38 


Insert character 


44 


Horizontal tab 


33 (Format Mode only) 


Reset Terminal 


200 (minimum) 
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Table 5-8. Keyboard Interface PCA Options 



SWITCH OPTION 



A Function Key Transmission 



B Space Overwrite (SPOW) 
Latch Enable 



C Cursor End-of-Line Wrap 
Around 

D Block Mode, Page 

E Reverse Sense of CNTL 
key. 

F 2640/2644 Protocol 
Handshake 



G Block Transfer Handshake 



NORMAL OPERATION 
(SWITCH CLOSED) 



The escape code sequence generated 
by the major function keys (such as, 
ROLL UP, ROLL DOWN, etc.) are exe- 
cuted locally, but not transmitted to the 
computer. 

Spaces typed will overwrite existing 
characters. 



At the end of each line, a local Carriage 
Return and Line Feed are generated; 
the cursor moves to the beginning of 
the next line. 

The terminal is set to transfer a line at a 
time in Block Mode. 

The terminal sends escape code 
sequences for the F^Fg keys when 
they are pressed while holding the 
CNTL key down. If the CNTL key is not 
pressed, the functions printed below 
the keys are performed. 



A DC2 character is sent when the 
ENTER key is pressed. If strapped for 
page (switch D) the terminal will also 
send a DC2 when the F^Fj, keys are 
pressed. ESC E will not clear terminal 
memory. 

In Block Mode, all data transfers to the 
computer are sent upon receipt of a 
DC1 from the computer. 



OPERATION WITH 
SWITCH OPEN 



The escape code sequences generated 
by all keys are transmitted to the com- 
puter. If operating in half duplex, the 
function is also executed locally. 



When the SPOW latch is off, overwriting 
occurs as normal. When the SPOW 
latch is on, spaces cause the cursor to 
forward but not overwrite any existing 
characters. The SPOW latch is turned 
on by a Carriage Return, and off by a 
Line Feed, Home or Tab. 

A Carriage Return and Line Feed are 
not generated at the end of each line. 
The cursor remains in and overwrites 
column 80. 

Entire pages of information are trans- 
ferred in Block Mode. 

Operation is reversed. The functions 
printed below the keys are performed 
when the function keys are pressed 
while holding the CNTL key down. If the 
CNTL key is not pressed, the terminal 
sends the escape code sequences 
associated with the F^F,, keys. 

The DC2 character is sent only in 
response to a DC1 character from the 
computer. ESC E will have the same 
effect as RESET TERMINAL. 



All Block Mode transfers (i.e., cursor 
sense, terminal and device status, dis- 
play memory, and function keys) are 
preceded by a DC2. The terminal sends 
the DC2 upon receipt of a DC1 from the 
computer. After the CPU receives the 
DC2 from the terminal, another DC1 is 
required to trigger transmission of data 
from the terminal. 



During Block Mode Handshake trans- 
fers, the terminal sends a DC2 in 
response to a DC1 prior to sending 
data. (See Block Transfer Handshake 
strapping above.) 



A DC1 from the computer is not 
required to trigger data transfers to the 
computer. Also, the DC2 from the term- 
inal is not sent during Block Mode 
Transfer handshakes. (See Block 
Transfer Handshake strapping above.) 
Additionally, when the I enter I key is 
pressed in Block Mode the cursor will 
be placed in the first column before 
transmission occurs if operating in Line/ 
Field Mode (switch D closed) or Home'd 
if operating in Page Mode (switch D 
open.) Opening both switches G and H 
eliminate the terminal's use of the 
Handshake protocol entirely. 
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Table 5-8. Keyboard Interface PC A Options (Continued) 



SWITCH 



OPTION 



NORMAL OPERATION 
(SWITCH CLOSED) 



OPERATION WITH 
SWITCH OPEN 



Circuit Assurance The transition from receive state to 

transmit state occurs after both CB 
(106) (Clear to Send) and SB (122) 
(Secondary Receive Data) go on within 
2.6 seconds. Otherwise, the terminal 
returns to the receive state. 



The transition from receive state to 
transmit state occurs after CB (106) 
(Clear to Send) goes on. 



S, T Main Channel Protocol 



Non-main channel protocol (both 
switches closed). 



S-closed, T-open: Main channel with 
STX/ETX as Start of Data and End of 
Data. 



S-open, T-closed: Main channel with 
EOT as End of Data. 

S-open, T-open: Main channel with 
ETX as End of Data. 



U CPU Break 



V Carrier Detect 



The CPU can interrupt the terminal 
while it is in the transmit state. The 
CPU initiates an ON to OFF transition 
of the SB (122) (Secondary Receive 
Data) line. The terminal responds by 
turning off CA (105) (Request to Send) 
and going to the receive state. 

When the terminal is in the receive state, 
an ON to OFF transition of CF (109) 
(Carrier Detect) line from the modem 
causes the terminal to go into the trans- 
mit state. Transitions of CF have no 
effect while the terminal is in the trans- 
mit state. 



The terminal ignores all transitions on 
the SB (122) (Secondary Receive Data) 
line from the modem in the transmit 
state. 



Transitions of CF (109) (Carrier Detect) 
line have no effect on the terminal. 



Data Speed Select 



Transmit LED 



Parity 



Holds data 
(CH (111) -0). 



speed signal low 



Sets data speed signal high (CH (111) 

= D. 



The TRANSMIT light on the keyboard The TRANSMIT light on the keyboard 



is turned on when CB (106) (Clear to 
Send) line from the modem is high. It is 
turned off when the CB (106) line goes 
low. 



is turned on when the CC (107) (Data 
Set Ready) line from the modem is high 
and the 13250B Extended Asynchro- 
nous Communications Interface PCA is 
used. It is turned off when the CC line 
goes low. 



The PARITY switch on the terminal keyboard is affected as follows: 



No Parity: Send 8 bits and receive 8 
bits. Force bit 8 to zero. No check for 
parity error. 

Odd Parity: Send 7 data bits + odd 
parity. Receive 7 data bits + odd 
parity. Check for parity error. 

Even Parity: Send 7 data bits + even 
parity. Receive 7 data bits + even 
parity. Check for parity error. 



No Parity: Send 8 bits and receive 8 
bits. Force bit 8 to one on send. No 
check for parity error. 

Odd Parity: Send 7 bits + odd parity. 
Receive 7 bits. No check for parity error. 



Even Parity: Send 7 data bits + even 
parity. Receive 7 data bits. No check for 
parity error. 
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CHARACTER MODE 

In Character Mode operation (BLOCK MODE key up), the 
terminal sends characters to the computer as they are 
typed. This mode of operation can be used for conversa- 
tional exchanges with the computer. 



Example: 
Computer: 
User types: 
Computer: 

User types: 
and so on 



Please type your company name 
AJAX 

What file number would you 
like from the AJAX library? 

12345 



MULTICHARACTER TRANSFERS 

There are certain functions that always result in mul- 
ticharacter (block) data transfers. 



Once a block transfer has been enabled, it must be 
triggered by the computer before the block of data is actu- 
ally sent. The computer triggers the transfer by sending a 
DC1 character when it is ready to receive the data. The 
terminal also assumes that it has received the trigger 
when it is first powered up or fully reset, or when the 
REMOTE key is pressed (down). 

The computer software must support the handshaking 
process used in multiple character transfers. The DC2 
character must be recognized as a request to send data and 
the DC1 character must then be sent to trigger the trans- 
fer after buffers have been allocated to receive the data. 
Additional software support may be needed depending on 
your need for terminal control. There are straps on the 
Keyboard Interface that can be used to modify the hand- 
shaking process. These are discussed later in this section. 

NOTE 

The computer should not be allowed to 
echo back information that has been 
transmitted as a block from the 
terminal. 



special function keys 
status requests 
cursor sensing 

all transfers while in Block Mode 



In order for the terminal to make a block transfer, it must 
first be enabled and then triggered by the computer. 
Transfers are enabled by the ENTER or special function 
keys while the terminal is in Block Mode (see figure 5-2). 
When the transfer is enabled from the keyboard, the ter- 
minal sends a DC2 character to the computer to indicate 
that a data block is ready for transmission. (This process 
can be modified by strap settings on the Keyboard Inter- 
face, refer to section VII.) The transfer can also be enabled 
from the computer by an escape sequence requesting 
status (ESC A ), cursor sensing (ESC a), or display trans- 
mission (ESC d) as shown in figure 5-3. 

When the transfer is enabled the keyboard is locked out 
until the transfer is complete. Enabling sequences should 
not be entered from the keyboard because they will cause 
the keyboard to be locked until the computer responds 
with a DC1 character. 



BLOCK MODE 

When the terminal is in Block Mode (BLOCK MODE key 
down), characters are not transmitted as they are typed. 
Instead, the user can input data to the terminal, then edit 
and correct the data before sending it to the computer 
using the ENTER key. The data can be grouped into con- 
venient blocks, either lines or pages (refer to the config- 
uration procedures later in this section). Block Mode oper- 
ation allows you to efficiently utilize computer and com- 
munication facilities. 

The size of the block of information transferred in BLOCK 
MODE, and the control characters used to separate fields 
and to terminate blocks differ somewhat, depending on the 
Line/Page Strapping of the terminal and whether or not 
the terminal is operating in FORMAT MODE. Figure 5-4 
illustrates these differences. 

In the example in figure 5-5, the user has an application in 
which order data is to be entered in the same format as a 
standard company form. 



COMPUTER 



TERMINAL Enable 
= / 'Hey. I'm ready to send you some information!" — DC2 (ENTER key)=>* 

then 

"O.K., I'm ready to receive your information." — DC1 

then 




V 



A block of information is transmitted 
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COMPUTER 



TERMINAL 




"I'd like you to send me some information." - 
then 

"And I'd like it right now!" - DC1 

then 

r The next block of information is transmitted. 1 



ESCd 




Figure 5-3. Block Transfer Enabled By The Computer 



STRAPPED FOR LINE 



STRAPPED FOR PAGE 



non-FORMAT • data is transferred from the current cursor position 
MODE to the end of the line or to a Record Separator 

(RS) control character, whichever occurs first. 

• imbedded control characters are transmitted, 
including the RS if present. 

• The Block is terminated by the transmission of a 
CR(LF), a Carriage Return and Line Feed if 
AUTO LF is depressed. (A local CR(LF) is exe- 
cuted to reposition the cursor; if no more informa- 
tion is present at or beyond the cursor the 
transmission consists of RS CR(LF)). 



data is transferred from the current cursor position 
to the end of the terminal's allocated memory or to 
the next RS, whichever occurs first. Thus the 
Block to be transferred could be several 
lines of information. 

imbedded control characters are transmitted, 
including the RS if present. 

if multiple lines are in the Block, they are sepa- 
rated by CR LF in the transfer. The Block is 
terminated by the transmission of an RS. 



FORMAT 
MODE 



only information in Unprotected Fields is trans- 
mitted. If the cursor is not in an Unprotected 
Field it will be forwarded to the next one or RS 
CR(LF) will be transmitted if no such field exists. 
Data is transmitted from the cursor position to the 
end of the Field or an RS, whichever occurs first. 
Thus the Unprotected Field to be transferred 
could be longer than one line in length. 

imbedded display control characters are not trans- 
mitted, except for the RS if present. 

the Block is terminated by the transmission of a 
CR(LF) and the cursor is forwarded one charac- 
ter position. 



• only information in Unprotected Fields is trans- 
mitted. If the cursor is not in an Unprotected 
Field it will be forwarded to the next one or RS 
will be transmitted if no such fields exist. Data 
found in Unprotected Fields is transmitted from 
the cursor until an RS or the end of memory is 
encountered. 

• imbedded display control of characters are not 
transmitted, except for the RS if present. 

• a Unit Separator (US) control character is trans- 
mitted between each Unprotected or Transmit 
Only field. The Block is terminated by the trans- 
mission of an RS. 



Figure 5-4. Block Mode Operation 



5-9 



Data Communications 



STEP 1. The user presses the Special Function key, which he 
has previously programmed in a remote computer routine to 
both automatically display the form shown and turn on FOR- 
MAT MODE. (REMOTE and BLOCK MODE are depressed.) 



STEP 2. All areas of the display have been programmed to be 
protected except for the dark fields within the form itself. Thus, 
as data is typed at the keyboard only these dark areas can be 
written into. The cursor automatically will tab from one field to 
the next when a field boundary is encountered or by use of the 
[™T[ key. The user now inputs data from the keyboard: 




The complete form would look as follows: 



ORDER # COMPANY NAME 



2 ?45«HEWLETT- PACKARD 



DATE 
l/HB/ 



6 I L L I flG * 



'SHIPPING ADDRESS: STREET 

CITY STATE ZIP 



7690 I 2HC yPERT I NO 



TEM 0 PRODUCT NAME 



0 l 2 2AB456BSCREW DR I vER 
7890 CD! 2?.|SDCKET WRENCH 
4Eb7EF39C|pPEC IS I DN COMPASS 



PRICE 



QNTY TOTAL 



CODE 



■ 





$509.95 


* 


♦♦10 




: 503*5 


. '-' S 




ABODE 




$8.0 0 








$40 


.00 




ABODE 




$12.95 


* 






S 1 29 


50 




F&H ! J 






M 




■ 






I 





STEP 3. After filling out the form and correcting any noticed 
errors, the I ^ I key is pressed once. The following sequ- 
ence of events would then occur: 

• The terminal transmits a DC2. 

• Computer software recognizes the DC2 and responds 
with a DC1. 



• The terminal receives the DC1 and transmits all data as 
one Block, fields separated by US's and the Block termi- 
nated by an RS: 

STEP 4. The form full of data has been transmitted to 
the computer. The user could then Home the cursor, hit 
jg*ffj , to clear only the data from the form in FORMAT 

MODE, and enter a second set of data inputs — repeating the 
sequence and reusing the form. 
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FULL DUPLEX OPERATION 

In full duplex operation, the characters which are typed at 
the keyboard are transmitted to the computer and are not 
displayed unless they are returned by the computer. This 
setting is ignored when in Block Mode. 



TELETYPE COMPATIBLE 
COMMUNICATIONS 

In teletype compatible (full duplex, character mode) appli- 
cations, the terminal can be quickly configured for use by 
following the instructions given in the Installation sec- 
tion. Note that if block data transfers are used the com- 
puter should be programmed to use the simple DC1/DC2 
protocol described under Block Transfers. 



HALF DUPLEX OPERATION (202 MODEM 
COMPATIBILITY) 

In half duplex operation, data is sent in only one direction 
at a time. In order to change the direction of data flow, a 
line turn around must occur. This means that the sender 
becomes the receiver and the receiver becomes the sender. 
Line turn arounds are controlled by half duplex line pro- 
tocols. Both the computer and the terminal must use the 
same protocol otherwise malfunction and loss of data will 
result. 

Initially the terminal is in the transmit state. While in 
this state the terminal will ignore data sent from the 
computer. The terminal will remain in the transmit state 
until one or more of the following occur: 

• An ON to OFF transition on the SB (CCITT 122) line 
(Reverse Channel) 

• The user sends an end of data character from the 
keyboard (control-C, control-D) 

• An end of data character (ETX or EOT) is sent (Main 
Channel) 

The above conditions cause the terminal to switch to the 
receive state. 

The terminal then receives and processes data until one of 
the following occurs: 

• An ON to OFF transition of the CF (CCITT 109) line 
(Reverse Channel) 

• An end of data character (ETX or EOT) is received 
(Main Channel) 

• An ETX is entered at the keyboard. 

The terminal then requests the computer or modem for 
permission to transmit. The computer or modem responds 
by turning on the CB (CCITT 106) and SB (CCITT 122) 
lines. (If the computer or modem does not respond within 



2.6 seconds the terminal will return to the receive state.) If 
the computer is ready the terminal will begin to send any 
data present in its output buffer. 

The terminal provides a range of half duplex line pro- 
tocols, including Bell 202 modem compatible protocols. 
These protocols are selected by switch settings on the 
Keyboard Interface PCA. Table 5-8 contains a list of the 
communication switches that are used to select half- 
duplex protocols. 

Half-duplex operation can be controlled either by RS232C 
signal lines or by control characters in the data being 
transferred or by a combination of characters and signals. 
The Main Channel protocol uses control characters while 
the Reverse Channel protocol uses control signal lines. 

MAIN CHANNEL (CHARACTER CONTROL) PRO- 
TOCOL. The Main Channel protocol is for use in half- 
duplex or Bell 202 modem equivalent networks where 
secondary channel signals are not available. The Main 
Channel protocol uses control characters to "frame" each 
data transmission. These framing characters indicate to 
the receiving station that a data transmission has begun 
or ended. 

An ASCII STX (octal 002) character can be used to indi- 
cate the start of a data transmission. An ASCII ETX (octal 
003) or EOT (octal 004) character is used to indicate the 
end of a data transmission. When these characters are 
received they are used to perform a line turn-around. 

The following switch settings should be made on the 
Keyboard Interface PCA to operate using the Main Chan- 
nel protocol: 



SWITCH 

R 

S,T 



SETTING 

Open 

Closed, Open 
Open, Closed 
Open, Open 



DESCRIPTION 



<STX> data<ETX> 
data<EOT> 
data<ETX> 



Note that at least one of the S or T switches must be open 
to select Main Channel protocol. 

Example: 

U,V,W,X,Y,Z All Open — Variations of the Main 
Channel Protocol are discussed under Other Protocols and 
in Appendix C. 

The operation of the Main Channel protocol is shown in 
figure 5-6. Sample data transfers are shown in figure 5-7. 
Figures 5-7a and 5-7b illustrate the line turn-arounds that 
occur during a log-on sequence when in character mode. 
Figures 5-7c and 5-7d illustrate the transfers that occur 
during block mode operation. 
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Data Communications 





YES 



c 



3 



STUVWXYZ 
1 11111111 



*Refer to Appendix C for a Description 
of CA (105) and CB (106) signals 



Figure 5-6. Main Channel Protocol 
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Data Communiations 




S,T = 0,1 



ANSWER (RECEIVE) - 



POWER ON (TRANS/ 

RECV STATE) 
-DIAL-UP (OR 

HARDWIRE) 
-DC2 (ENTER KEY) 
- ETX 



ANSWER (RECEIVE) - 



S,T = 1,1 




POWER ON (TRANS/ 

RECV STATE) 
-DIAL-UP (OR 

HARDWIRE) 
-DC2 (ENTER KEY) 
-ETX 



ETX 



STX - 
DATA - 
ETX - 



-MENU- 



-DATA- 
-FORM- 



-STX 
-DATA 
-RS 
-ETX 



ETX - 



-STX 



ETX - 



FULL SCREEN 
WITH MENU 
SELECTION 
STX 

__. DA TA CR ( LF U_DATA 

DATA CR(LF) UAIA 

CR(LFf*~ DATA 

CR (LFp"~ DATA 



USER FILLS 
FORM 



-DATA- 



-DATA- 



-DC2 (ENTER KEY) 
-ETX 



-US 



-RS 
-ETX 



NEXT 

FORM 



-RS 
-ETX 



ETX - 



HALF DUPLEX MAIN CHANNEL PROTOCOL 
WITH BLOCK MODE AND PAGE MODE ENABLED. 



HALF DUPLEX MAIN CHANNEL PROTOCOL 
WITH BLOCK MODE, PAGE MODE AND FORMAT MODE ENABLED. 




S,T = 0,1 




ST = 1,0 




ANSWER (RECEIVE - 



POWER ON (TRANS/ 

REC STATE) 
-DIAL UP (ON 

HARDWIRE) 
-CR 
-ETX 



ANSWER (RECEIVE)- 



STX- 



LOG ON PROMPT ► 



LOG ON PROMPT— 



POWER ON (TRANS/ 

RECV STATE) 
- DIAL UP (ON 

HARDWIRE) 

CR 
•EOT 



ETX - 



EOT — 



^ STX 

LOG ON CR 

^ ETX 



-LOG ON DATA- 



-CR 
EOT 



HALF DUPLEX MAIN CHANNEL PROTOCOL USING LOG-ON 
AS AN EXAMPLE (CHARACTER MODE). 



HALF DUPLEX MAIN CHANNEL USING 
LOG-ON SEQUENCE AS AN EXAMPLE (CHARACTER MODE). 



0 = SWITCH CLOSED 

1 = SWITCH OPEN 



Figure 5-7. Sample Data Transfers Using Main Channel Protocol 
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Data Communications 




c 



RECIEVE 



3 



GO TO TRANSMIT 
STATE. SEND 
REQUEST TO 
COMPUTER * 




GO BACK TO 
RECEIVE 
STATE 



C 



RETURN 



R S T U V 
0 0 0 0 0 



*A more detailed description 
of this process is given in 
Appendix C. 
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Figure 5-8. Reverse Channel Protocol 



Data Communications 



CHARACTER MODE HALF-DUPLEX REVERSE CHANNEL 



■ 





POWER ON (TRANS/RECV STATE) 



ANSWER (RECEIVE) 
CA LOW, SA HIGH 



- DIAL UP (OR HARDWIRE) (CA HIGH, SA LOW) 
-CR 



DROP SA, WAIT FOR ■ 
CF TO DROP 



TERMINAL SEES SB DROP AND 
— DROPS CA, RAISES SA GOES TO 
RECEIVE STATE 



CF DROPS, RAISE CA, 
AND WAIT FOR CB (SB) 
AND SEND DATA - 



-PROMPT (:)- 



DROP CA, RAISE SA -- 



DROP SA, WAIT FOR 

CF TO DROP — 



-HELLO- 



• TERMINAL SEES CF DROP AND 
RAISES CA, DROPS SA AND GOES 
TO TRANSMIT STATE WHEN 
CB (SB) TURNS ON. 

-CR 

TERMINAL SEES SB DROP AND 
DROPS CA, RAISES SA AND GOES 
TO THE RECEIVE STATE 



CF DROPS, RAISE CA - 
AND WAIT FOR CB (SB) 
AND SEND DATA- 



-LOG ON MESSAGE ► 



DROP CA, RAISE SA 



DROPSA, WAIT FOR 
CF TO DROP 



CF DROPS, RAISE CA 
AND WAIT FOR CB (SB) 
AND SEND DATA 



CPU SEES SB DROP - 
AND STOPS TRANSMISSION 
DROPS CA, RAISES SA ■ 



LISTF- 



- TERMINAL SEES CF DROP AND 
RAISES CA, DROPS SA AND GOES 
TO TRANSMIT STATE WHEN CB (SB) 
TURNS ON. 

CR 



^ TERMINAL SEES SB DROP AND 
DROPS CA, RAISES SA AND GOES 
TO THE RECEIVE STATE 



-DATA- 



USER HITS BREAK KEY 
SA DROPS FOR 200 MS 
BA SPACES FOR 200 MS 



CONTROL LINES 
DATA LINES 



Figure 5-9. Sample Data Transfers Using Reverse Channel Protocol 
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REVERSE CHANNEL (SIGNAL LINE CONTROL) 
PROTOCOL. The Reverse Channel protocol is for use 
in half-duplex or Bell 202 modem equivalent networks 
where secondary channel signals are available. The Re- 
verse Channel protocol uses changes on secondary channel 
lines SA (CCITT 120) and SB (CCITT 122) to control line 
turn-arounds. 

The following settings should be made on the Keyboard 
Interface PCA to operate using the Reverse Channel 
protocol. 

SWITCH SETTING DESCRIPTION 

R Closed Monitor the SB line 

S,T Closed, Closed Reverse Channel (no 
framing characters) 

U Closed Watch for computer inter- 

rupts (SB drops) 

V Closed Watch for the Carrier 

Detect (CF) signal to drop. 



Example: 

W,X,Y,Z All Open — Variations of the Reverse 
Channel protocol are discussed under Other Protocols and 
in Appendix C. 

The operation of the Reverse Channel protocol is shown in 
figure 5-8. Sample data transfers are shown in figure 5-9. 



OTHER PROTOCOLS. In addition to the Main and 
Reverse Channel protocols you can select various features 
of both to configure a custom protocol to suit your own 
requirements. A flowchart of the overall Basic Communi- 
cations function including the Half-Duplex settings is 
given in Appendix C. You can create a custom protocol 
using this flowchart and the switch descriptions in table 
5-8. 



CONFIGURATION 

A procedure for configuring the terminal is given in figure 
5-10. 
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Data Communications 




F02640-60143 
EXTENDED 
ASYNCHRONOUS 
COMMUNICATIONS 
PCA 



OPEN all switches 
on the Extended 
Asynchronous 
Communications 
PCA 





Set BAUD 
RATE switch 
on keyboard 
to desired 
receive baud 
rate. 



Set S0,S1,S2 
Switches to 
your transmit 
baud rate 
(See sheet 4.) 



Divide 153600 
by the desired 
baud rate. 



Example: 

Desired baud rate 
is 175: 
153600 

~T75~ =S77.71 



Round quotient 
to the nearest 
integer. 



877.71 =>878 



Substract 1 
from rounded 
quotient. 



878-1 =877 




Set SO, SI, S2 switches 
to your transmit 
baud rate. (See 
sheet 4.) 



OPEN 
S0,S1,S2 

switches 



Convert the 
decimal number 
to a binary 
number, and 
set the BO thru 
B11 switches to 
correspond to 
the binary number 

0 = OPEN 

1 = CLOSED 



877 = 001101101101 

\ f 
811 BO 



B I (To sheet 2) 



Figure 5-10. Data Communications Configuration Flowchart (Sheet 1 of 4) 
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Figure 5-10. Data Communications Configuration Flowchart (Sheet 2 of 4) 



Data Communications 



02640-60123 
KEYBOARD 
INTERFACE 



PCA 




Figure 5-10. Data Communications Configuration Flowchart (Sheet 3 of 4) 
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Data Communications 





Set PARITY 

switch or 
keyboard to 
EVEN. 



ODD 



Set PARITY 

switch on 
Keyboard to 
ODD. 



O's 



Set PARITY 

switch on 
keyboard to 
NONE. 



C 



Set PARITY 

switch on 
keyboard to 
NONE. 
Open Z 
switch on 
keyboard 
interface 
PCA. 



CONFIGURATION 
COMPLETE 



) 



Baud Rate Selections 



X =AvallaMa Split Rat* 
C=Switch Cloaad 
0=SwUch Opan 


TRANSMIT BAUD RATE 


BAUD RATE 
SWITCH 
SETTING 


EXT 


CUSTOM 


110 


150 


300 


1200 


2400 


R 

e 
c 
e 

i 

V 

e 

B 
a 
u 
d 

R 

a 
t 

e 


EXT 


X 




X 


X 


X 


X 


X 


EXT 


CUSTOM 




X 




X 


X 


X 


X 


EXT 
(See notes) 


110 




X 


X 


X 


X 


X 


X 


110 


150 




X 




X 


X 


X 


X 


150 


300 




X 




X 


X 


X 


X 


300 


1200 




X 




X 


X 


X 


X 


1200 


2400 




X 




X 


X 


X 


X 


2400 


S2S0 Setting 


0 


C 


0 


c 


0 


c 


0 




S2S1 Setting 


0 


C 


c 


O 


0 


c 


c 


S2S2 Setting 


0 


c 


c 


C 


c 


0 


0 


NOTES 

The S2CBE switch must be set to its closed position for custom receive baud rates and keyboard 
BAUD RATE switch must be sent to EXT 

When switches S2S0, S2S1, and S2S2 are all set to their open positions, the transmit baud rate will 
equal the receive baud rate 
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Figure 5-10. Data Communications Configuration Flowchart (Sheet 4 of 4) 



STATUS 



SECTION 



VI 



INTRODUCTION 

This section contains information on how to obtain and 
interpret terminal status information. Status requests are 
made by sending an escape code sequence to the terminal 
to select the desired status information. All status re- 
quests are treated as block transfers. (Refer to Mul- 
ticharacter Transfers in Section V). The examples that 
follow use the DC1 character to trigger the status transfer 
(Basic Communication Protocol). 



INTERPRETING STATUS 

In response to status requests the terminal returns an 
escape code sequence followed by one or more bytes. The 
status bytes are followed by a terminator. The terminator 
received may be a CR(LF) or RS. The examples that follow 
use the CR character as a terminator. 

Terminal status is made up of 6 status bytes (bytes 0-5) 
containing information such as display memory size, 
switch settings, keyboard interface configuration, and 
terminal errors. 



The status information is contained in the lower four bits 
of each status byte. The upper four bits of the bytes are set 
so that the byte will have the value of an ASCII character. 
Each byte can be interpreted as one of 16 characters as 
follows: 

ASCII 



RACTER 


BINARY 


0 


0011 


0000 


1 


0011 


0001 


2 


0011 


0010 






0011 


; 




0100 






0101 


6 


0011 


0110 


7 


0011 


0111 


8 


0011 


1000 


9 


0011 


1001 






1010 






1011 


; 




1100 






1101 






1110 






1111 
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Status 



TERMINAL STATUS 



The terminal status (bytes 0-5) is requested by sending the 
following escape sequence. 



Terminal 
Status Request 




The terminal will respond with an ESC \ and 6 status 
bytes followed by a terminator. A typical primary termi- 
nal status request and response is shown in figure 6-1. The 
example is for a configuration requiring the DC1 charac- 
ter to trigger block transfers. 



COMPUTER 



TERMINAL 



ESC A DC1 



ESC \ 400746 CR LF 




t t 

Byte 0 Byte 5 




BYTE 

0 

1 



ASCII 
4 



BINARY 



0100 



STATUS 



0011 0000- 



0000- 
I 



1111- 



0100 
I 



0110- 



- 4096 bytes of display memory 

- Function key transmission disabled 

- Space overwrite latch disabled 
■ Cursor wrap around 

- Strapped for line 

- Normal Sense (CNTL & F-j-Fg) 

- 2640/Handshake 

- Disable handshake 
Inhibit DC2 disabled 

- Upper case only 

- Block mode 

• Auto line feed 

- 2640 terminal 



Switches A-H 
on Keyboard 
Interface PCA 



■ ENTER key has been hit 
(DC2 has been sent and 
a data transfer has been 
enabled — bytes 2 and 3) 

- No data comm errors 

- Last Self Test ok 

- No loader checksum errors 

- No printer errors 



Figure 6-1. Terminal Status Example 
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Status 



BYTE 0 DISPLAY MEMORY SIZE 



BYTE 3 LATCHING KEYS 



8 


7 


6 5 4 3 2 1 




8 


7 


6 


5 


4 


3 


2 


1 




— 1024 


0 


0 


1 


1 


1 


1/0 


1/0 


1/0 



-2048 



4096 
8192 



The amount of display memory available in the terminal is returned. The 
amount can range from 4096 to 8192 bytes. 



Terminal Type (2640B/N/S) - 



AUTO LF Key - 
1 = auto If 
0 = no auto If 



CAPS LOCK Key 
1 = upper case only 

0 = upper and lower case 

BLOCK MODE Key 

1 = block mode 

0 = character mode 



BYTE 1 KEYBOARD INTERFACE SWITCHES (A-D) 







6 


5 




3 


2 


1 




y 






1/0 


1/0 


1/0 


1/0 



Switch D 

Page/Line 

1 = open (Page) 

0 = closed (Line) 

Switch C 

(End-of-Line Wraparound) 

1 = open (Disabled) 
0 = closed (Enabled) 



L 



Switch A 

(Function Key Transmission) 
1 = open (Transmitted) 

0 = closed (Not transmitted) 
Switch B 

(Space Overwrite Latch) 

1 = open (Enabled) 

0 = closed (Disabled) 



BYTE 4 



TRANSFER PENDING FLAGS 



8 


7 


6 


5 


4 


3 


2 


1 


0 


0 


1 


1 


0 


1/0 


1/0 


1/0 



ENTER Key Pending - 
1 = yes 
0 = no 



L 



Cursor Sense Pending 
1 = yes 

0 = no 

Function Key Pending 

1 = yes 
0 = no 



Refer to Section V for a detailed description of Keyboard Interface switches. 



BYTE 2 KEYBOARD INTERFACE SWITCHES (E-H) 



BYTE 5 



ERROR FLAGS 



8 7 6 5 4 3 2 1 



1/01/01/01/0 



Switch H (Inhibit DC2) 

1 = open (Enabled) 

0 = closed (Disabled) 
Switch G (DC2 Handshake)- 

1 = open (Enabled) 

0 = closed (Disabled) 



L 



Switch E (Reverse CNTL Sense) 
1 = open (Enable) 

0 = closed (Disable) 

Switch F (2640/2644 Handshake 
Protocol) 

1 = open (2644) 
0 = closed (2640) 



8 


7 


6 


5 


4 


3 


2 


1 


0 


0 


1 


1 


1/0 


1/0 


1/0 


1/0 



Printer Error - 
1 = error 
0 = no error 



Loader Checksum ■ 
1 = no error 
0 = error 



L 



Data Comm 
1 = parity or buffer 
overflow error 

0 = no error 

Self Test 

1 = no error 
0 = error 



Refer to Section V for a detailed description of Keyboard Interface switches. 



Figure 6-2. Terminal Status Bytes 
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INSTALLATION 



SECTION 



VII 



INTRODUCTION 



This section contains instructions for selecting optional ac 
operating voltages (115 or 230V), selecting optional 



operating functions, and installing terminal add-on acces- 
sories. 



WARNING 



A 



Hazardous voltages are present inside 
equipment. The procedures contained 
in this section shali be performed only 
by qualified service personnel. 



VORSICHT 



Innerhalb des Gerats bestehen gef'ahr- 
liche Spannungen. Die in diesem 
Abschnitt enthaltenen Arbeiten durfen 
nur durch Betriebsfachpersonal durch- 
gefuhrt werden. 



ATTENTION 



A 



Des tensions dangereuses sont pr6- 
sentes a I'interieur du materiel. Les 
operations decrites dans cette section 
ne devront etre effectuees que par un 
personnel qualifie. 



A 



AVVISO 



A 



Pericolo: Alta tensione presente in 
questa apparecchiatura. Le procedure 
contenute in questa sezione debbono 
essere effettuate soltanto da qualificato 
personale di servizio. 



ADVERTENCIA 



Hay voltaje peligroso en el interior de 
este equipo. Los procedimientos ex- 
puestos en esta seccion solo deberi 
llevarlos a cabo el personal de servicio 
calificado. 



i*iSI5H^ai(z%Pt>i:*1;/±^# x i N I 

T(i, ^H(7)^-t:'7 7>(;j: .,T 
cnfonU o XT £ 
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Installation 



OPENING THE TERMINAL d. Using both hands, carefully swing top cover up until 

it latches into the half open position, (figure 7-1, D). 

To gain access to the terminal internal components, open 

the terminal as follows (also see figure 7-1): NOTE 



a. Set mainframe rear panel ~ LINE switch to OFF and 
disconnect power cord from ~ LINE connector. 

NOTE 

Mainframe top cover is unlocked by in- 
serting access key supplied with termi- 
nal in each of the keyways located on 
right and left sides of top cover. Inserting 
keys into keyways unlock top cover. No 
key rotation is required. 

b. From front of terminal, insert access key into right 
keyway and unlock right side of terminal by slightly 
raising right side of top cover, (figure 7-1, A and B). 



The half open position provides adequate 
room for performing most service 
routines. However, if extensive repairs 
are to be made or if components con- 
tained in the top cover are to be serviced, 
fully open mainframe in accordance with 
step e. 



CAUTION 



Mainframe top hinges are open hinge 
type. When fully opening terminals do 
not allow top hinges to slip off hinge 
pins. 



c. While maintaining upward pressure to keep right 
side of terminal unlocked, insert access key into left 
keyway and raise top cover until both right and left 
sides of terminal are unlocked, (figure 7-1, C). 



e. Firmly grasp top cover in one hand and release safety 
latch (see figure 7-2) by pressing it inboard with other 
hand. Then, using both hands, swing top cover up and 
over to a full open position (resting on its top). 




A. INSERTING ACCESS KEY INTO KEYWAY B. UNLOCKING RIGHT SIDE OF TERMINAL 




C. INSERTING ACCESS KEY INTO LEFT KEYWAY D. OPENING TOP COVER TO HALF-OPEN 

WHILE HOLDING RIGHT SIDE OPEN POSITION 



Figure 7-1. Opening the Terminal 
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Installation 



KEYBOARD 
INTERFACE 
PCA 



MEMORY 
PCA 



STANDARD 
ASYNCHRONOUS 
COMMUNICATIONS 
PCA 



DISPLAY 

TIMING 

PCA 




SAFTEY 
LATCH 




POWER 
SUPPLY 
FUSES 



POWER 
SUPPLY 
CONTROL 
PCA 



+5V 

ADJUSTMENT 



DISPLAY 

CONTROL 

PCA 



NOTES: 1 . POWER SUPPLY IS SHOWN WITH TOP COVER REMOVED. 

2. PCA ARRANGEMENT IS A TYPICAL CONFIGURATIONS. 
ARRANGEMENT MAY VARY AMONG TERMINALS. 



Figure 7-2. Mainframe Bottom Parts Locations (Sheet 1 of 2) 
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Installation 



PWR SUPPLY 
CONNECTOR J3 



VOLTAGE 
SELECT S1 



DMA PCA 



DISPLAY 
TIMING PCA 



DISPLAY 
CONTROL 
PCA 



DISPLAY 
ENHANCEMENT 
PCA 



PROCESSOR PCA 



CRT 
SHIELD 



SAFETY 
LATCH 



PWR 

SUPPLY 

PCA 



TOP 

PLANE 

ASSY 



POWER 
SUPPLY 
CONTROL 
PCA 




BACKPLANE 

EXTENDER 

ASSY 

MOUNTING 
HOLES 



BACKPLANE 
ASSY 

CONNECTOR P1 



VACANT 

BACKPLANE 

ASSY 

CONNECTOR 



BACKPLANE 

EXTENDER 

ASSY 

MOUNTING 
HOLES 



KEYBOARD 
INTERFACE 
PCA 



MEMORY PCA 



MEMORY 
PCA 



ASYNCHRONOUS 
DATA COMM 
PCA 



NOTES: 1. POWER SUPPLY IS SHOWN WITH 
HOUSING REMOVED. 

2. PCA ARRANGEMENT IS A TYPICAL 
CONFIGURATION. ARRANGEMENT 
MAY VARY BETWEEN TERMINALS. 
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Figure 7-2. Mainframe Bottom Parts Locations (Sheet 2 of 2) 



Installation 



BRIGHTNESS 
ADJUSTMENT 




FAN AND CABLE 
ASSEMBLY INSTALLATION 



Figure 7-3. Mainframe Top Part Locations 
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Installation 



GROUNDING REQUIREMENTS 

To protect operating personnel, the National Electrical 
Manufacturers' Association (NEMA) recommends that the 
terminal's frame be grounded. The terminal is equipped 
with a three-conductor power cable which, when con- 
nected to an appropriate power receptacle, grounds the 
frame of the terminal. To preserve this protection feature, 
do not operate the terminal from an ac power outlet with 
no ground connection. 

SELECTING LINE VOLTAGE 

The terminal can be operated from either 115 or 230V, 60 
Hz line voltage (230V, 50 Hz optional). When shipped from 
the factory, the line voltage for which the terminal is 
configured is stamped on the mainframe rear panel iden- 
tification label. If it is necessary to change the operating 
line voltage, ensure that power cord is disconnected and 
proceed as follows: 

1. ( ) Open terminal to its half open position in accor- 
dance with "Opening the Terminal" paragraph. 



0.2A, SB, 250V 



2A, SB, 250V 




FUSE IN 230 VAC POSITION 



2. ( ) Remove power supply cover by removing the 

screw at the front of the cover and pulling the 
cover up and out of the mainframe. 

3. ( ) Select the operating voltage by inserting the pro- 

per fuses into the appropriate locations shown in 
figure 7-4. For 115 volts, use a 0.5 A, SB, 250V 
fuse and a 4A, SB, 250V fuse. For 230 volts, use a 
0.25A, SB, 250V fuse and a 2A, SB, 250V fuse. 

4. ( ) Check and, if necessary, adjust power supply in 

accordance with "Power Supply Adjustment", 
page 7-16. 

5. ( ) Replace power supply cover, and secure in place 

with the screw. 

6. ( ) Firmly grasp mainframe top cover in one hand 

and release safety latch by pressing it inboard 
with other hand. Then, using both hands, care- 
fully lower top cover to its closed position. 

7. ( ) Perform terminal self-test (refer to Self-Test). 




0.5A, SB, 250V 



4A f SB, 250V 



FUSE IN 115 VAC POSITION 




NOTE: 

1. REFER TO FIGURE 7-2 SHEET 2 - 2 FOR 
VOLTAGE SELECT SWITCH FOR EARLIER 
MODEL SUPPLIES. 

2. CHANGE CRYSTAL TO PART 
NUMBER 0410-0646 (50HZ, 17.55 MHZ). 



EARLIER POWER SUPPLY 
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Figure 7-4. Fuse Positions for 115 VAC and 230 VAC Line Voltage 



Installation 



ACCESSORY INSTALLATION 
PROCEDURES 

Instructions for installing add-on accessories to the stan- 
dard model terminal are contained in the following 
paragraphs. 

NOTE 



INSURE that the circuit work surface 
(table, desk, etc.) and PCA are all at the 
same ground potential. This can be done 
by touching the foam pad to the PCA and 
then touch the foam pad, circuit, and 
PCA to the work surface. 



After installing any accessory, always 
use the terminal self-test feature (page 
7-43) to ensure proper operation. 

64 CHARACTER LOWER CASE ROM 

The 64 Character Lower Case ROM, part no. 1816-0613 
(1816-0865 for the 2640S or 1816-0867 for the 2640N), is 
used to upgrade standard 64 character set terminals to 
128 Roman characters. Do not confuse this with the alter- 
nate character sets described in "HP 13231A Display En- 
hancements" paragraph. Install the ROM as follows: 



CAUTION 



MOS integrated circuits can be damaged 
by electrostatic discharge. Use the fol- 
lowing precautions: 

DO NOT wear clothing subject to static 
charge buildup, such as wool or synthetic 
materials. 

DO NOT handle MOS circuits in car- 
peted areas. 

DO NOT remove the circuit from its con- 
ductive foam pad until you are ready to 
install it. 

AVOID touching the circuit leads. 
Handle by the plastic package only. 



1. ( ) Open terminal to its half open position (refer to 

page 7-2). 

2. ( ) Insert connector removal tool under Top Plane 

Assembly as shown in figure 7-7 and remove Top 
Plane Assembly by pressing down on connector 
removal tool handle. 

3. ( ) Locate and remove Display Control PCA from 

Backplane Assembly. 

4. ( ) Using figure 7-5 as a guide, locate the 128 CH 

jumper Wl position and solder in a jumper. (If the 
board uses a jumper socket or switch, insert a 
jumper or make the proper setting.) 

5. ( ) Locate the vacant lower case ROM socket XU28. 

6. ( ) Carefully insert 64 Characters Lower Case ROM 

in socket XU28 so that ROM pin 1 is at upper 
right corner of XU28. 

7. ( ) Reinstall Display Control PCA in Backplane As- 

sembly connector from which it was removed. 

8. ( ) Reinstall Top Plane Assembly on DMA, Display 

Timing, and Display Control PCA's top 
connectors. 

9. ( ) Firmly grasp top cover in one hand and release 

safety latch by pressing it inboard with other 
hand. Then, using both hands, carefully lower top 
cover to its closed position. 



128 CHARACTER JUMPER POSITION 



I U11 < I U12 < 

| U21 j U22 [ U23 (j | U24 (j 

C5 

R5 

1 "31 (| 1 "32 (j C6 | U33 (| 1 "34 (j 



i 1 1 1 1 1 1 1 1 Xi 1 1 1 1 1 1 1 1 1 1 1 1 1 ( r 




U19 



R1 1 C11 



LOWER CASE 
ROM POSITION 



I U36 < 



~3 I U42 I I U43 <i 



| U46 [ U47 | U48 | U49 



il R2 1 



I U51 (| | U52 (j 



pllllllllllllllllllllllQ 



jj C15 | U51Q ^ 



Figure 7-5. Display Control PCA Component Locations 
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Installation 



HP 13231A DISPLAY ENHANCEMENTS 

These instructions apply to the HP 13231A-201, HP 
13231A-202 and HP 13231A-203 accessories as well as the 
HP 13231A accessory. The HP 13231A accessory consists 
of a Display Expansion PC A, part no. 02640-60024; a Top 
Plane Connector Assembly, part no. 02640-60022; and a 
Connector Removal Tool, part no. 02640-00029. The HP 
13231A-201, -202 and -203 accessories consist of the same 
three items with the applicable ROM IC's mounted on the 
Display Expansion PCA. Install any of these accessories 
as follows: 



The alternate character sets are configured with jumpers 
located on the upper right corner of the Display Enhance- 
ment PCA. There are six jumpers, two for each of the three 
possible alternate character sets. Jumpers 1 and 2 are for 
alternate character set 1 (referred to as set A in the User's 
Manual), jumpers 3 and 4 are for alternate character set 2 
(set B in the User's Manual), jumpers 5 and 6 are for 
alternate character set 3 (set C in the User's Manual). 



The first jumper for each set (jumpers 1,3, and 5) indicates 
whether the set is composed of 128 (ju m P er in) or 64 
(jumper out) characters. The second jumper for each set 
(jumpers 2, 4, and 6) indicates whether the character set 
data is in alphanumeric (jumper in) or microvector 
(jumper out) format. A detailed description of data formats 
for alternate character sets is given in the application 
note: 2640 Series Character Set Generation (part number 
13245-90001). 



When using the three standard alternate character sets 
(Math Set, Line Set and Large Character Set) the jumpers 
would normally be configured as follows: 



Math Set (placed in the first socket of set 1) 

Jumper 1 = Out, since only 64 characters are used. 

Jumper 2 = In, since character data is in alphanumeric 
format. 

Line Set (placed in the first socket of set 2) 

Jumper 3 = Out, since only 64 characters are used. 

Jumper 4 = Out, since character data is in microvector 
form. 

Large Character Set (placed in the first select of set 3) 

Jumper 5 = Out, since only 64 characters are used. 

Jumper 6 = Out, since character data is in microvector 
form. 
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Note that the Math Set has been shown as alternate char- 
acter set 1 (A in the User's Manual), the Line Set as 
alternate 2 (B in the User's Manual), and the Large Char- 
acter Set as alternate 3 (C in the User's Manual). They 
could have been configured as any combination of the 
three possible alternate sets. There is no requirement that 
the sets be configured in any order. 



NOTE 

Do not confuse the 128/64 character 
jumpers for alternate character sets with 
the 128 character jumper for the 
standard character set. 



EFFECT OF IMPROPER JUMPER PLACEMENT. 

128 Characters Strapped for 64. When a 128 character 
set is used and is jumpered for 64 characters, only the first 
64 characters in the set will be accessed. This will cause 
the "q" character for example to access the same display 
character as the "Q" character. 

64 Characters Strapped for 128. Any attempt to access one 
of the lower case 64 characters ("a", "q", etc.) will result in 
a blank being displayed. 

Alphanumeric Data Strapped as Microvector. Al- 
phanumeric data strapped as microvector will normally 
result in characters that are skewed or fuzzy. 

Microvector Data Strapped as Alphanumeric. Microvector 
data strapped as alphanumeric will display blanks for the 
microvector characters. 

INSTALLATION PROCEDURE 

1. ( ) Using figure 7-6 and table 7-1 as a guide, check 

that Display Expansion PCA jumpers are ar- 
ranged correctly for the ROM character set con- 
figuration. If there are no alternate character set 
ROM's installed (HP 13231 A), all jumpers should 
be in the jumper socket. 

2. ( ) Open terminal to its half open position (refer to 

page 7-2). 

3. ( ) Insert connector removal tool under Top Plane 

Assembly as shown in figure 7-7. 

4. ( ) Remove Top Plane Assembly by pressing down on 

connector removal tool handle. Retain Top Plane 
Assembly for possible future use. 

5. ( ) If necessary, rearrange PCA's in Backplane As- 

sembly so that an unused connector is available 
for the Display Expansion PCA adjacent to the 
Display Memory Access (DMA), Display Control, 
and Display Timing PCA's. 



Installation 



NOTE 

PCA arrangement can be in any config- 
uration with the following exceptions. 
The Keyboard Interface PCA should be 
installed in one of the first three 
Backplane Assembly connectors closest 
to the power supply. 

The Display Expansion, DMA, Display 
Control, and Display Timing PCA's must 
always be installed as a group in adja- 
cent connectors. No Backplane Assembly 
connectors can be left vacant between 
any PCA's. In addition, the Processor 
PCA must be installed adjacent to the 
display PCA's described previously. 



8. ( ) Check and, if necessary, adjust power supply (re- 

fer to "Power Supply Adjustment"). 

9. ( ) Depress TEST key and observe last line of test 

pattern for correct display enhancements. If en- 
hancements are correct skip to step 11. If adjust- 
ment is necessary, perform step 10. 

10. ( ) Perform brightness, half bright, focus, and field 
adjustments in accordance with the Service 
Manual. 



11. ( ) Firmly grasp mainframe top cover in one hand 
and release safety latch by pressing it inboard 
with other hand. Then, using both hands, care- 
fully lower top cover to its closed position. 



6. ( ) Install Display Expansion PCA in Backplane As- 

sembly connector. 

7. ( ) Install Top Plane Connector Assembly, part no. 

02640-60022 on Display Expansion, DMA, Dis- 
play Control, and Display Timing PCA 
connectors. 



HP 13232 CABLE ASSEMBLIES 

The HP 13232 cable assemblies provide interface connec- 
tions between the terminal and modems, printers, and 
computers. Table 7-2 lists the particulars of each 
cable. 



Table 7-1. Display Expansion PCA Jumper Protocol 



ALTERNATE 
SET 


128/64 (JUMPER IN/JUMPER OUT) 
CHARACTERS 


ALPHANUMERIC/MICROVECTOR (JUMPER IN/JUMPER OUT) 
CHARACTER DATA 


A 


JUMPER 1 


JUMPER 2 


B 


JUMPER 3 


JUMPER 4 


C 


JUMPER 5 


JUMPER 6 




Figure 7-6. Display Expansion PCA Jumper and ROM 

Socket Locations Figure 7-7. Top Plane Assembly Removal 
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Table 7-2. 13232 Cable Assemblies 







CONNECTORS 


CABLE 


FUNCTION 


A 


B 


C 


13232C 


Connects data communications 
interface PCA to modem RS232 
connector. 


RS232C 
(female) 


Hood 




13232F 


Provides current loop connec- 
tions for 13250B data com- 
munications interface. 


4 terminal 
lugs 


Hood 




13232G 


Connects 13250B Serial Printer 
Interface PCA to RS232 com- 
patible printers. 


RS232C 
(male) 


Hood 




13232H 


(same) 


RS232C 
(female) 


Hood 




1 3232N 


Connects data communications 
interface PCA to modem. 


RS232C 
. male) 


Hood 


- 


13232S 


Connects 13238A Duplex 
Register PCA to 9866A/B 
Printer. 


9866 

printer 

(female) 


Hood 




13232U 


Provides direct connection to a 
computer by replacing the 
modem connections. 


RS232C 
(female) 


RS232C 
(female) 





HOOKUP 



1.52 Metres 
5 feet 



1 .52 Metres 
5 feet 



4.57 Metres 
15 feet 



4.57 Metres 
15 feet 



4.57 Metre 
1 5 feet 



1.83 Metres 
6 feet 



1 .52 Metres 
5 feet 




A A B B 

13232'N 



HP 13234A (4K) TERMINAL MEMORY 
MODULE 

Install the HP 13234A (4K) memory accessory as follows: 

1. ( ) Open terminal to its half open position (refer to 

page 7-2). 

2. ( ) Locate and insure that the Control Memory (IK) 

PCA, part no. 02640-60144, has all properly in- 
stalled jumpers. (See figure 7-10.) 

3. ( ) Using figure 7-9 as a guide, locate memory jump- 

ers on the 4K Memory PCA(s). 

4. ( ) Using figure 7-10 as a guide, arrange PCA start- 

ing address jumpers to select appropriate memory 
starting address for the size memory being 
configured. 

5. ( ) Install memory PCA's in any vacant Backplane 

Assembly connectors ensuring that no connectors 
are left vacant between any PCA's. 

6. ( ) Check and, if necessary, adjust power supply. 

7. ( ) Firmly grasp mainframe top cover in one hand 

and release safety latch by pressing it inboard 
with other hand. Then, using both hands, care- 
fully lower top cover to its closed position. 



Cffl 

0 



0264060144 MEMORY K 



0 




0 



32K — | 

IS* RAM 
j£ START 
2K ADR 
IK — I 
ROM \ 
DIAG \ 



NOT 
USED 



Note: Shown strapped for a RAM starting address 
of UK. 



Figure 7-8. Control Memory PCA Jumper Socket Location 
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* CONTROL MEMORY PCA 



Figure 7-10. Memory Maps and Corresponding Memory Addressing Jumper Positions 
for IK, 5K, and 8K 

HP 13238A TERMINAL DUPLEX REGISTER 



0264060065 MEMORY (4K) 




RAM START ADDRESS 



Note: Shown strapped for a starting address of 12K. 



Figure 7-9. 4K Memory PCA Jumper Socket Location 



To install' the HP 13238A accessory, perform all the fol- 
lowing steps except steps 4 and 5. To install the 
HP 13238A accessory for an HP 13246A or 13349A 
Printer Subsystem, perform all the following steps. 

1. ( ) Open terminal to its half open position (refer to 

page 7-2). 

2. ( ) Configure jumpers in Terminal Duplex Register 

PCA jumper sockets as shown in figure 7-12. 

3. ( ) Install Terminal Duplex Register PCA in first 

vacant Backplane Assembly connector adjacent 
to existing PCA's. 

NOTE 

To ensure proper terminal operation, all 
PCA's must be installed in adjacent 
Backplane Assembly connectors. 

4. ( ) Open mainframe rear door by twisting two lock 

extrusions. 

5. ( ) Holding Terminal Duplex Register PCA firmly in 

place, carefully connect hood connector of the 
cable assembly, supplied with the printer subsys- 
tem, to PCA connector P2. 
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NOTE 

The hood connector and PCA connector 
P2 are identically keyed to prevent in- 
advertent erroneous connections. Con- 
necting the two togeather requires mini- 
mal hand pressure. If excessive resis- 
tance is encountered, an incorrect con- 
nection is being attempted. 

For printer interfacing information refer 
to the HP 9866A/B Printer Operators 
Manual, part no. 09866-90901, or theHP 
13349A Printer Subsystem Operating 
Manual, part no. 13349-90901. 

6. ( ) Check and, if necessary, adjust power supply. 

7. ( ) Firmly grasp mainframe top cover in one hand 

and release safety latch by pressing it inboard 
with other hand. Then, using both hands, care- 
fully lower top cover to its closed position. 

HP 13240A I/O EXTENDER INSTALLATION 

The I/O extender accessory consists of a Backplane Exten- 
der Assembly, a Fan and Cable Assembly, and required 
attaching hardware. Installation of this accessory re- 
quires a set of Allen wrenches and a Phillips-head screwd- 
river. Install the accessory as follows: 

a. Open terminal to its full open position in ac- 
cordance with "Opening The Terminal" on 
page 7-2. 

b. The CRT shield (see figure 7-3) is secured in place 
with snap fasteners. Remove CRT shield by pulling 
fasteners out of top cover mounting holes (see figure 
7-3) and sliding toward the front of the CRT. 

c. Disconnect High Voltage Cable Assembly (see figure 
7-3) from CRT. 



d. Disconnect Yoke Cable Assembly from Sweep Printed 
Circuit Assembly (PCA) connector P3 (see figure 7-3). 

e. Disconnect Sweep Cable Assembly from Sweep PCA 
connector PI (see figure 7-3). 

f. Unlatch two snap locks (see figure 7-3), raise Sweep 
PCA from mainframe, disconnect CRT Cable Assem- 
bly from Sweep PCA connectors P2 and P4, and re- 
move Sweep PCA. 

g. Remove two Phillips-head screws and lock washers 
securing two cable clamps (see figure 7-3) and wire 
harness to mainframe top cover. Retain mounting 
hardware for installing the Fan Assembly. Do not 
remove cable clamps from wire harness. (Vacated 
cable clamp holes will be used to mount Fan Assem- 
bly.) 

h. Carefully connect connector J 16 of Backplane Exten- 
der Assembly, part no. 02640-60002, to Backplane 
Assembly connector PI (see figure 7-2, sheet 2). 

i. Visually align Backplane Extender Assembly mount- 
ing holes with the four mounting holes (see figure 7-2, 
sheet 2) in bottom of mainframe and secure in place 
with four lockwashers and four Phillips-head screws. 

NOTE: 

Fan and Cable Assembly must be 
mounted so that cables from fan are 
closest to back of top cover and CRT. Fan 
AIRFLOW arrow must point toward the 
back of the top cover. 

j. Visually align Fan Assembly mounting holes with 
the four mounting holes (see figure 7-3) in mainframe 
top cover. 



NOTE: 

Fan cable gound lug must be attached to 
one of the fan Allen-head mounting 
screws. 




Figure 7-12. Terminal Duplex Register PCA Jumper Configuration 
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k. Secure Fan in place with four lockwashers and four 
Allen-head screws. 

1. Remove power supply housing (bottom left side of 
mainframe) by unlatching the two snap locks on front 
of housing and pulling housing up and out toward 
front of mainframe. 

m. Connect Fan Cable connector to Power Supply PC A 
connector J3 (see figure 7-2, sheet 2) and route cables 
back to fan with existing wire harness. The cable 
should be placed inside the first (left) cable clamp 
along with the existing harness. See figure 7-3. 

n. Replace power supply housing and secure in place 
with the two snap locks. 

o. Using two Phillips-head screws, two lockwashers, and 
two nuts, secure two cable clamps and the wire har- 
ness to mounting holes in top of fan frame closest to 
back of mainframe. 

p. Connect CRT Cable Assembly to Sweep PCA connec- 
tors P2 and P4. 

q. Connect Yoke Cable Assembly to Sweep PCA connec- 
tor P3. 

r. Connect Sweep Cable Assembly to Sweep PCA con- 
nector PI. 

s. Install Sweep PCA in mainframe top cover and secure 
in place with the two snap locks. 

t. Connect High Voltage Cable Assembly to CRT. 

u. Secure CRT shield in place by sliding the front of the 
shield over the CRT mounting bracket and pressing 
the snap fasteners into the mounting holes. 

v. Check and, if necessary, adjust power supply in accor- 
dance with "Power Supply Adjustment" on page 7-14. 

w. Firmly grasp mainframe top cover in both hands and 
carefully swing it up and over to its half open position 
assuring correct union of cover hinges. 

x. Firmly grasp top cover in one hand and release safety 
latch by pressing it inboard with other hand. Then 
using both hands, carefully lower top cover to its 
closed position. 



HP 13245A CHARACTER SET 
GENERATION KIT 

The Character Set Generation Kit Accessory consists of a 
PROM Character PCA, part no. 02640-60053 and a Con- 
nector Assembly, part no. 02640-60070. Install the HP 



13245A accessory as follows: 

1. ( ) Open terminal to its half open position (refer to 

page 7-2). 

2. ( ) Rearrange PCA's in the Backplane Assembly so 

that an unused connector is available for the 
PROM Character PCA adjacent to either the Dis- 
play Control PCA or Display Expansion PCA de- 
pending on the character set(s) to be replaced. If 
the base character set is to be replaced/ vacate a 
connector adjacent to the Display Control PCA. If 
an alternate character set(s) is to be replaced, 
vacate a connector adjacent to the Display Ex- 
pansion PCA. 

NOTE 

PCA arrangement can be in any config- 
uration with the following exceptions. 
The Keyboard Interface PCA should al- 
ways be installed in one of the first five 
Backplane Assembly connectors closest 
to the power supply. The Display Expan- 
sion, DMA, Display Control, and Display 
Timing PCAs must always be installed 
as a group in adjacent connectors to ac- 
commodate the Top Plane Connector 
Assembly. 

3. ( ) Install PROM Character PCA in vacated 

Backplane Assembly connector. 

NOTE 

The base or alternate character set 
ROM(s) to be replaced by the user gener- 
ated PROM set(s) must be removed from 
the applicable PCA in accordance with 
the instructions contained in the Char- 
acter Set Generation Kit Application 
Note, part no. 13245-90001. 

4. ( ) When connected to the Display Expansion PCA, 

the PROM Character PCA character sets 1 and 2 
replace the Display Expansion PCA character 
sets 1 and 2 respectively. If an alternate set(s) is 
to be replaced, first determine if the user gener- 
ated PROM set(s) is alphanumeric or microvec- 
tor. Then, using table 7-1 and figure 7-6 as a 
guide, correctly arrange Display Expansion PCA 
jumpers 2 and 4 for the PROM character set 
type(s). (Jumpers 1 and 3 can either be removed 
or left installed.) 

5. ( ) Attach Connector Assembly, part no. 02640- 

60070 between the two interface connectors (P2) 
on the PROM Character PCA and Display Con- 
trol PCA or Display Expansion PCA. 

6. ( ) Check and, if necessary, adjust power supply. 
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7. ( ) Firmly grasp mainframe top cover in one hand 
and release safety latch by pressing it inboard 
with other hand. Then, using both hands, care- 
fully lower top cover to its closed position. 

HP 13246A/B PRINTER SUBSYSTEM (9866) 

This accessory consists of a Terminal Duplex Register 
PCA, part no. 02640-60031; a 13232S Cable Assembly, 
part no. 02640-60135; and an HP 9866A or B Printer. To 
install this accessory, first perform the HP 13238A Ter- 
minal Duplex Register installation instructions steps 1 
through 7. After the PCA and cable assembly have been 
installed, install the printer in accordance with the in- 
structions contained in the HP 9866AIB Printer Operator's 
Manual, part no. 09866-90901. 

HP 13250B SERIAL PRINTER INTERFACE 

The HP 13250B provides an RS232 interface to serial 
printers. You can configure the 13250B to be compatible 
with any RS232 serial printer requiring handshake or 
fill-character protocol. For details on configuring and in- 
stalling the interface, refer to the HP 13250B accessory 
manual, part no. 02640-90042. 

DATA COMMUNICATIONS ACCESSORIES 

The Data Communications Accessories provide various 
types of data communications. (Refer to section 5 for de- 
tails of these accessories.) Only one data communications 
interface may be installed in the terminal at any time. 



CAUTION 



MOS integrated circuits can be damaged 
by electrostatic discharge. Use the fol- 
lowing precautions: 

DO NOT wear clothing subject to static 
charge buildup, such as wool or synthetic 
materials. 

DO NOT handle MOS circuits in car- 
peted areas. 

DO NOT remove the circuit from its con- 
ductive foam pad until you are ready to 
install it. 

AVOID touching the circuit leads. 
Handle by the plastic package only. 

INSURE that the circuit, work surface 
(table, desk, etc.) and PCA are all at the 
same ground potential. This can be done 
by touching the foam pad to the PCA and 
then touch the foam pad, circuit, and 
PCA to the work surface. 



1. ( ) Perform complete terminal SELF TEST to verify 

proper terminal operation before installing the 
accessory. 

2. ( ) Turn off — LINE switch at rear of terminal and 

disconnect power cord. 

3. ( ) Open terminal as described on page 7-2. 

4. ( ) Configure the interface PCAs for your particular 

application by setting the switches on the PCA. 
(Refer to Selecting Optional Operating 
Functions.) 

5. ( ) Install the Interface PCA in the first vacant 

backplane assembly connector adjacent to exist- 
ing PCA's. 

NOTE 

To ensure proper terminal operation, all 
PCA's must be installed in adjacent 
Backplane Assembly connectors. 

6. ( ) Open mainframe rear door by twisting the two 

lock extrusions. 

7. ( ) Holding the communications interface PCA 

firmly in place, carefully connect hood connector 
of a 13232C, F,or N Cable Assembly to PCA. 
(Refer to Data Communications Cabling.) 

NOTE 

The hood connector and PCA connector 
P2 are identically keyed to prevent in- 
advertent erroneous connections. Con- 
necting the two together requires mini- 
mal hand pressure. If excessive resis- 
tance is encountered, an incorrect con- 
nection is being attempted. 

HP 13349A PRINTER SUBSYSTEM (9871) 

This accessory consists of a Terminal Duplex Register 
PCA, part no. 02640-60031; an Interface Cable Assembly, 
part no. 02640-60116; and an HP 9871 A Printer. To install 
this accessory, first perform the HP 13238 A Terminal 
Duplex Register installation instructions steps 1 through 
7. After the PCA and cable assembly have been installed, 
install the printer in accordance with the instructions 
contained in the HP 13349 A Printer Subsystem Operating 
Manual, part no. 13349-90901. 

POWER SUPPLY ADJUSTMENT 

After installing or removing accessories, you should adjust 
the + 5 volt output of the terminal's power supply. Only 
this voltage need be adjusted because the +5 volts pro- 
vides reference for the other supply voltages. The adjust- 
ment requires a 20,000 ohms/volt voltmeter. 
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To adjust the + 5V, proceed as follows: 

1. ( ) Open the terminal (refer to page 7-2). 

2. ( ) Connect multimeter between red test jack near 

the front of Display Timing PCA, part no. 
02640-60088, and chassis ground. 

3. ( ) Set rear panel ~ LINE switch to ON. 

4. ( ) Adjust + 5 volt potentiometer through access hole 

in power supply cover until voltmeter reads 
+ 4.95 volts. 

5. ( ) Set rear panel ~ LINE switch to OFF, disconnect 

multimeter, and close terminal. 

SELECTING OPTIONAL OPERATING 
FUNCTIONS 

The terminal is equipped with jumper and switch selecta- 
ble options that can be used to alter some of its operating 
functions (see figure 7-13). These options and their effects 
on terminal operation are discussed in tables 7-3 and 7-4. 
To select an operating function, proceed as follows: 




1. ( ) Open the terminal to its half open position (refer 
to page 7-2). 




3. ( ) Using figure 7-14 or 7-15 (as applicable) and table 
7-3 or 7-4 (as applicable), select the desired 
operating functions, and set the switches to the 
appropriate positions. (More information on con- 
figuration is given in section V.) 




4. ( ) Reinstall the PCA into the vacated Backplane 
Assembly connector. 




5. ( ) Firmly grasp mainframe top cover in one hand 
and release safety latch by pressing it inboard 
with your other hand. Then, using both hands, 
carefully lower top cover to its closed position. 




2. ( ) Locate the particular PCA, and remove the cable 
hood connector from the PCA. Then, remove the 
PCA from the Backplane Assembly connector. 



6. ( ) Perform SELF TEST. 
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SWITCH COVER 




Figure 7-13. Typical Strapping Option Switch Assembly 



ABCDEFGH JKLMNPQR STUVWXYZ 




Figure 7-14. Keyboard Interface PC A Strapping Options 



Table 7-3. Keyboard Interface PC A Strapping 



SWITCH 


OPTION 


NORMAL OPERATION 
(SWITCH CLOSED) 


OPERATION WITH 
SWITCH OPEN 


A 


Function Key Transmission 


The escape code sequence generated 
by the major function keys (such as, 
ROLL UP, ROLL DOWN, etc.) are exe- 
cuted locally, but not transmitted to the 
computer. 


The escape code sequences generated 
by all keys are transmitted to the com- 
puter. If operating in half duplex, the 
function is also executed locally. 


B 


Space Overwrite (SPOW) 
Latch Enable 


Spaces typed will overwrite existing 
characters. 


When the SPOW latch is off, overwriting 
occurs as normal. When the SPOW 
latch is on, spaces cause the cursor to 
forward but not overwrite any existing 
characters. The SPOW latch is turned 
on by a Carriage Return, and off by a 
Line Feed, Home or Tab. 
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Table 7-3. Keyboard Interface PC A Strapping (Continued) 



SWITCH 


OPTION 


NORMAL OPERATION 
(SWITCH CLOSED) 


OPERATION WITH 
SWITCH OPEN 


C 


Cursor End-of-Line Wrap 
Around 


At the end of each line, a local Carriage 
Return and Line Feed are generated; 
the cursor moves to the beginning of 
the next line. 


A Carriage Return and Line Feed are 
not generated at the end of each line. 
The cursor remains in and overwrites 
column 80. 


D 


Block Mode, Page 


The terminal is set to transfer a line at a 
time in Block Mode. 


Entire pages of information are trans- 
ferred in Block Mode. 


£ 


ncvcioc OfcJfloc Ul wIN 1 L. 

key. 


Thp tprmin^l cpnriQ p^ranp rnHp 

1 HC ICIIIIIIICM OC7IIUO C OLiCljJC UUUC 

sequences for the F^Fa keys when 
they are pressed while holding the 
CNTL key down. If the CNTL key is not 
pressed, the functions printed below 
the keys are performed. 


Operation is reversed. The functions 
printed below the keys are performed 
when the function keys are pressed 
while holding the CNTL key down. If the 
CNTL key is not pressed, the terminal 
sends the escape code sequences 
associated with the F^Fe keys. 


F 


2640/2644 Protocol 
Handshake 


A DC2 character is sent when the 
ENTER key is pressed. If strapped for 
page (switch D) the terminal will also 
send a DC2 when the F^Fe keys are 
pressed. ESC E will not clear terminal 
memory. 


The DC2 character is sent only in 
response to a DC1 character from the 
computer. ESC E will have the same 
effect as RESET TERMINAL. 


G 


Block Transfer Handshake 


In Block Mode, all data transfers to the 
computer are sent upon receipt of a 
DC1 from the computer. 


All Block Mode transfers (i.e., cursor 
sense, terminal and device status, dis- 
play memory, and function keys) are 
preceded by a DC2. The terminal sends 
the DC2 upon receipt of a DC1 from the 
computer. After the CPU receives the 
DC2 from the terminal, another DC1 is 
required to trigger transmission of data 
from the terminal. 


H 


Inhibit DC2 


During Block Mode Handshake trans- 
fers, the terminal sends a DC2 in 
response to a DC1 prior to sending 
data. (See Block Transfer Handshake 
strapping above.) 


A DC1 from the computer is not 
required to trigger data transfers to the 
computer. Also, the DC2 from the term- 
inal is not sent during Block Mode 
Transfer handshakes. (See Block 
Transfer Handshake strapping above.) 
Additionally, when the I I key is 

' ENTER J 

pressed in Block Mode the cursor will 
be placed in the first column before 
transmission occurs if operating in Line/ 
Field Mode (switch D closed) or Home'd 
if operating in Page Mode (switch D 
open.) Opening both switches G and H 
eliminate the terminal's use of the 
Handshake protocol entirely. 


R 


Circuit Assurance 


The transition from receive state to 
transmit state occurs after both CB 
(106) (Clear to Send) and SB (122) 
(Secondary Receive Data) go on within 
2.6 seconds. Otherwise, the terminal 
returns to the receive state. 


The transition from receive state to 
transmit state occurs after CB (106) 
(Clear to Send) goes on. 
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Table 7-3. Keyboard Interface PC A Strapping (Continued) 



SWITCH 


OPTION 


NORMAL OPERATION 
(SWITCH CLOSED) 


OPERATION WITH 
SWITCH OPEN 


S, T 


Main Channel Protocol 


Non-main channel protocol (both 
switches closed). 


S-closed, T-open: Main channel with 
STX/ETX as Start of Data and End of 
Data. 

S-open, T-closed: Main channel with 
EOT as End of Data. 

S-open, T-open: Main channel with 
ETX as End of Data. 


u 


CPU Break 


The CPU can interrupt the terminal 
while it is in the transmit state. The 
CPU initiates an ON to OFF transition 
of the SB (122) (Secondary Receive 
Data) line. The terminal responds by 
turning off CA (105) (Request to Send) 
and going to the receive state. 


The terminal ignores all transitions on 
the SB (122) (Secondary Receive Data) 
line from the modem in the transmit 
state. 


V 


Carrier Detect 


When the terminal is in the receive state, 
an ON to OFF transition of CF (109) 
(Carrier Detect) line from the modem 
causes the terminal to go into the trans- 
mit state. Transitions of CF have no 
effect while the terminal is in the trans- 
mit state. 


Transitions of CF (109) (Carrier Detect) 
line have no effect on the terminal. 


X 


Data Speed Select 


Holds data speed signal low 
(CH (111) =0). 


Sets data speed signal high (CH (111) 
= 1)- 


Y 


Transmit LED 


The TRANSMIT light on the keyboard 
is turned on when CB (106) (Clear to 
Send) line from the modem is high. It is 
turned off when the CB (106) line goes 
low. 


The TRANSMIT light on the keyboard 
is turned on when the CC (107) (Data 
Set Ready) line from the modem is high 
and the 13250B Extended Asynchro- 
nous Communications Interface PCA is 
used. It is turned off when the CC line 
goes low. 


Z 


Parity 


The PARITY switch on the terminal keyboard is affected as follows: 






No Parity: Send 8 bits and receive 8 
bits. Force bit 8 to zero. Check for 
parity error. 


No Parity: Send 8 bits and receive 8 
bits. Force bit 8 to one on send. No 
check for parity error. 






Odd Parity: Send 7 data bits + odd 
parity. Receive 7 data bits + odd 
parity. Check for parity error. 


Odd Parity: Send 7 bits + odd parity. 
Receive 7 bits. No check for parity error. 






Even Parity: Send 7 data bits + even 
parity. Receive 7 data bits + even 
parity. Check for parity error. 


Even Parity: Send 7 data bits + even 
parity. Receive 7 data bits. No check for 
parity error. 
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Figure 7-15. Extended Asynchronous Communications PC A Strapping Options 



Table 7-4. 13250B Extended Asynchronous Communications Interface Strapping Options 



STRAP 


STRAPPING 
OPTION 


DESCRIPTION 


FCO 
thru 
FC7 


(Not used) 


(This switch should always be open.) 


SO 
thru 
S2 


Transmit Baud 
Rate 


SWITCH SETTING 
SO S1 S2 


TRANSMIT BAUD RATE 


0 0 0 

0 c c 
C 0 c 
0 0 c 

ceo 

0 C 0 

c c c 


Transmit baud rate = receive baud 

rate. 

110 

150 

300 

1200 

2400 

Custom 


0 = open, C = closed 


CBE 


Custom Baud 
Rate Enable 


Closed: Enables custom receive baud rates. (The keyboard BAUD RATE 
switch must be set to EXT.) 

Open: Receive baud rate is set by keyboard BAUD RATE switch. 
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Table 7-4. 13250B Extended Asynchronous Communications Interface Strapping Options (Continued) 



STRAP 


STRAPPING 
OPTION 


DESCRIPTION 


BO 
in ru 
B11 


Custom Baud 
riaie oeieci 


The switches are set to the binary equivalent of a number determined by the 
Tormuia 

153600 

INT( ) - 1 

baud rate 

(See example in figure 5-10.) 


A4, A9 
thru 
A11 


Module Address 


Provides PCA address so that firmware can address the PCA. These switches 
should always be set to 10, (A4 — Open, A9 thru A11 — Closed.) 


IAT 


Inhibit 
Attention 


(This switch must be closed when receive handshake is used.) 




Qtnn Rit Qq|qo+ 
OlUp Dll OclcUl 


Qolortc tho numhar nf ctnn Kite tr» ho snnonrloH to tho Hata Kite Hiirinn 

ofc?ifc?uib iiit? nuriiUcr ui oiup uiio iu ut? dfj[Jciiucu iu uiu uaia uiio uuiiiiy 
transmission. 

Closed: Selects 2 stop bits 
Open: Selects 1 stop bit 

Mntp - ^plpptinn 110 hour! ?*iitnnnfltip?ill\/ annpnHc P Qtnn hitQ 

IMUIC. OCICliUI IU 1 Iu UdULJ ClUlvyl 1 IClllOClliy u|J|JC/l IUO C olU|J UIIO. 


THE 


Transmit 
Handshake 
Enable 


Closed: Permits the associated external device (a or computer) to signal a "busy" 
condition on CB (Clear to Send) or SCF (Secondary Carrier) control lines and 
temporarily stop data transmission from the terminal. 

VJpUll. 1 icii loll III rldi lUolldftt? UlodUlcU. 


□ up 
nnc 


Handshake 
Enable 


PlncaH • Parmitc tho torminal tr» cinnal o "hiicw" rrinHitir^n r\ n tho ri ( Pi atcj 
VslOSeu. r cirilllb 1116 IcriTliNcU IV oiyilal a L/Uoy UUTIUIllUfl Ull lilt; \j\J \Uala. 

Terminal Ready) control line and temporarily stop data transmission from the 
associated external device (a computer). 

upen. neceive nanasnaKe uisaoiea. 


134 


134.5 Baud 


(This switch should always be open.) 


ATN 2 


Enable 
Attention 
Two 


(This switch should always be open.) 


NOSB 


SCF Inhibit 


Closed: Inhibits RS232 SCF (Secondary Carrier) control line. 
Open: Enables RS232 SCF (Secondary Carrier) control lines. 
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Table 7-5. EIA RS232C and CCITT V24 Interface Data and Control Signals 



CONNECTOR 


CIRCUIT 


DESCRIPTION 


MODEM 
TO FROM 


GND 


DATA 


CON- 
TROL 


TIMING 


! R 

! s 

3 
2 


P2 

BASIC 
13250B 


R 

S 

o 

3 
2 


C 

c 

1 V 

T 2 
T 4 


-- 


A A 


AA 





Protective ground 




X 








7 


H H 


AB 


102 


Signal Ground/Common Return 




X 








2 


B B 


BA 


103 


Transmitted Data 


X 




X 






3 


C C 


BB 


104 


Received Data 


X 




X 






4 


D D 


CA 




Request to Send 


X 






X 




5 


E E 


CB 


106 


Clear to Send 


X 






X 




6 


F F 


CC 


107 


Data Set Ready 


X 






X 




20 


P P 


CD 


108.2 


Data Terminal Ready 


X 






X 




00 




L/C 


1 OR 


Ring Indicator 


X 






X 




8 


J J 


CF 


109 


Received Line Signal Detector 


X 






X 








CG 


110 


Signal Quality Detector 


x 






x 




01 


— R 
n 


on 


mi 


Data Rate Selector (DTE Source) 


X 






X 








CI 


112 


Data Rate Selector (DCE Source) 


X 






X 




24 


— 


DA 


113 


Transmitter Timing (DTE Source) 


X 








X 


15 




DB 


114 


Transmitter Timing (DCE Source) 


X 








X 


17 




DD 


115 


Receiver Timing 


X 








X 






SBA 


118 


Secondary Transmitted Data 


X 




X 










SBB 


119 


Secondary Received Data 


X 




X 






19 


M M 


SCA 


120 


Secondary Request to Send 


X 






X 








SCB 


121 


Secondary Clear to Send 


X 






X 




12 


N N 


SCF 


122 


Secondary Received Line Detector 


X 






X 





DATA COMMUNICATIONS CABLING 



Table 7-6. Data Communications Signal Levels 



INTERFACE SIGNALS 

The RS232 signals available on each of the communica- 
tion interfaces are listed in table 7-5. This information can 
be used to verify interface capability or to fabricate special 
interface cables. 



DATA: 






Name 


Space 


Mark 


Logic 


0 


1 


Voltage 


> + 3V but < + 25V 


<-3V but >-25V 


CONTROL: 


ON (true) 


OFF (false) 


CLOCK SIGNALS: 


0 = ground 


1 = +5V 



LOGIC LEVELS 

Table 7-6 gives the logic levels of signals used by the data 
communications accessories. 



CABLE TYPES 

There are five cable types that are available for use in 
multipoint networks. These cables are described in table 
7-7. 
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Table 7-7. Parts for Fabricating Your Custom 
Data Communications Cable 



ITEM 


HP PART 
NUMBER 


DESCRIPTION 


RS232 Connector 

PCA Hood Connector 

PCA Hood to RS232 
Connector Cable 


5061-2405 

5061-1340 

8120-1903 or 
8120-1930 


(See figure 7-20.) 

(See figure 7-19.) 

26 AWG (or greater) 
Low Voltage 
Computer Cable. 


Note: All connectors include contacts. 



Table 7-8. Data Communications PCA 
Signal Names 



P2 




SIGNAL NAMES 


PIN 


BASIC 


13250B 


1 


(no connection) 


ENCL (see note) 


2 


(no connection) 


INI 


3 


(no connection) 


CL+12 


4 


(no connection) 


CL+ (see note) 


5 


(no connection) 


CL- (see note) 


6 


(no connection) 


CLA (see note) 


7 


(no connection) 


CLP 


8 


(no connection) 


INO 


9 


(no connection) 


PON 


10 


(no connection) 


ISB 


11 


(no connection) 


XECL 


12 


(no connection) 


TTY IN 


13 


(no connection) 


(no connection) 


14 


(no connection) 


(no connection) 


15 


TEST 


TEST 


A 


GND 


GND 


B 


BA 


BA 


C 


BB 


BB 


D 


CA 


CA 


E 


CB 


CB 


F 


(no connection) 


(CC) 


H 


GND 


GND (see note) 


J 


CF 


CF 


K 


X80UT 


X80UT 


L 


X160UT 


X160UT 


M 


SA 


SA 


N 


SB 


SB 


P 


CD 


CD 


R 


(no connection) 


(CH) 


S 


X16IN 


X16IN 


NOTE: 


Used in current loop mode. 



COMMUNICATIONS CABLING 

Figures 7-16, 7-17, and 7-18 show the cable connections 
and signals used by the data/communications accessories. 

FABRICATING YOUR OWN DATA 
COMMUNICATIONS CABLE 

PCA hood connectors, RS232C connectors, multipoint 
connectors, and cables are available should you need to 
fabricate your own data communications cable. Part num- 
bers of the items are given below. 

Figures 7-19 and 7-20 show the details of assembling each 
type of connector. Table 7-8 lists the interface signals on 
each of the data communications PCA's. Also, the illustra- 
tions of the HP cables (figures 7-16, 7-17, and 7-18) may be 
used as a guide. 

There are maximum length limitations on each type of 
cable. The following may be used as a guide for length 
considerations. 

Maximum Distances: 

Modem/Computer to first terminal: 50 feet (RS232-C 
standard) 

Modem/Computer to terminal: 1000 feet (current loop on 
13250B) 



SELF-TEST 

The terminal tests itself. Should you suspect a malfunc- 
tion while operating the terminal, you can perform the 
SELF-TEST function to checkout the terminal. Also, after 
installing any accessory, the terminal's self-test function 
should be performed to insure that the terminal is func- 
tioning properly. 

Pressing L—^J checks out the terminal. The following is 
performed when the L__J key is pressed (also see the 
flowchart in figure 7-22): 

• The light-emitting diodes (indicators) on the keyboard 
are turned on briefly as an indication that the power 
supply and microprocessor board are functioning. 

• A checksum test is done on the read-only memory 
(ROM). This verifies that the firmware is working 
properly. An error here causes a ROM TEST FAIL 
message to be displayed. (See flowchart, figure 7-22.) 

• A checkerboard test is performed on the random ac- 
cess memory. An error here causes a RAM TEST 
FAIL message to be displayed. (See flowchart, figure 
7-22.) 
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• The bell is beeped indicating success up to this point. 

• The entire character set contained in the terminal is 
displayed. 

• A line of characters, @ ABCDEFGHIJKLMNO, is 
displayed. If the Display Enhancement option is in- 
stalled, then Underline, Half-Bright, and Blinking 
will be displayed with Inverse Video in all of the 



possible Display Enhancement combinations by this 
line of characters. 

• The 6 bytes of status information are displayed. (See 
section VI "Status" for an explanation of the status 
bytes.) 

Generally, if the terminal beeps and the display shows a 
pattern similar to those shown in figure 7-21 then the 



TRANSMITTED DATA 
RECEIVED DATA 
REQUEST TO SEND 
CLEAR TO SEND 
DATA SET READY 
SIGNAL GROUND 
RECEIVED LINE SIGNAL DETECTOR 
SECONDARY REQUEST TO SEND 
SECONDARY RECEIVED LINE DETECTOR 
TRANSMITTER TIMING 
RECEIVER TIMING 
SECONDARY REQUEST TO SEND 
DATA TERMINAL READY 
RING INDICATOR 
DATA RATE SELECTOR 
RECEIVED DATA OUTPUT 

NOTE: 13232N has a male RS232 connector 



RS232 
CONNECTOR 

BA 

BB 

CA — < 

CB 

CC 



■ AB - 

• CF - 

■ SCA - 

■ SCF - 

■ DB - 

■ DD - 

■ SCA - 
- CD - 

• CE - 

■ CH - 

• BBO - 



PCA HOOD 
CONNECTOR 

M~ BA 

>^ BB 

Mr CA 

► CB — — 

CC 

AB 

CF 

SCA 

SCF 

«<- CD 

CH 

DB 

► - DD 

CE 

BBO 



- B 




- C 




- D 




- E 




- F 


N,C 


- H 




- J 




M 




N 




P 




R 


N C 


12 


N C 


13 


N C 


14 


N C 


15 





N C NO CONNECTION IN PCA 




13232N CABLE 



Figure 7-16. Standard Communications Cabling 



CURRENT 
LOOP 





TO 
13250 
SERIAL PRINTER 
INTERFACE 



TERMINAL 



13232F CABLE 



Figure 7-17. Current Loop Cabling 



FEMALE 
RS232 
CONNECTOR 



FEMALE 
RS232 
CONNECTOR 




TO 
ANY 
DATA COMM 
PCA 



HOOD 
CONNECTOR 



13232N 
CABLE 




NOTE: RCLK SWITCH ON PCA 
MUST BE CLOSED FOR FIRST 
TERMINAL IN CHAIN. 



Figure 18. Modem By-Pass Cabling 
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o 



Assembly Procedure: 



10|11 
M 



VIEWED FROM SOLDER SIDE 



O 



1 • ( ) Insert approximately 10 inches of cable (item 10) into 
the connector hood (item 1). 

2. ( ) Strip the outer jacket of the cable back 5 inches. 

3. ( ) Remove approximately 1/4-inch of insulation from 

each signal wire. 

4. ( ) Starting at the end of the 30-pin connector (item 7) 

nearest pins S and 1 5, solder the signal wires to the 
appropriate pins on the connector, and insulate each 
pin with tubing as shown at left. 



5. ( ) Install the 30-pin connector in the connector hood 

using the two self-tapping screws (items 2 and 4). 

6. ( ) Install the cable clamp (items 3 and 8), and tighten it 

in place with the screw and nut (items 5 and 6). 

7. ( ) Tighten the cable clamp on the cable with the 

setscrew (item 9). 
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Figure 7-19. Assembling the PCA Hood Connector 



Installation 



Assembly Procedure: 




13 12 11 10 9 8 7 6 5 4 3 2 

o o o o o o o o o o o o o 
oooooooooooo 

25 24 23 22 21 20 19 18 17 16 15 14 



VIEWED FROM SOLDER SIDE 



1 • ( ) Slide rubber bushing (item 1 ) over end of cable, leav- 
ing about 6 inches of cable end exposed for wire 
stripping, etc. 

2- ( ) Strip back the cable jacket 1-inch. 

3. ( ) Clip the unused conductor wires to the edge of the 

cable jacket. 

4. ( ) Remove 1/4-inch of insulation from the ends of the 

conductor wires to be used. 

5. ( ) Solder the conductor wires onto the contacts of the 

contact assembly (item 2). 

6. ( ) Slide the rubber bushing to the end of the cable such 

that the rubber bushing flange is flush with the strip- 
ped end of the cable jacket. 

7. ( ) Assemble the two halves of the connector (item 3) 

onto the contact assembly (item 2). (Use the screws 
and nuts provided.) 

8. ( ) Mount the two screws, threaded spacers, and other 

hardware (items 4 thru 7) onto the contact assembly. 



Figure 7-20. Assembling the RS232C Connector 



! M # $Xft'<>*+ ,-./0123 456789:; <«>? 



#ABC DEFGHIJK LMNOPQRS TUVWXYZt \]\ 
# AjJgDE JQH I JJgLM^Ji] 8:0807 



A. Test Pattern for the standard terminal. 



, iM j -J6 aw » » m 



lafty 0edAru8x wuvpir*j8a t£a6xvCT 

>hKhh *rS\0WS\ ^Wit^S 

#ABC DEFGHIJK LMNOPQRS TUVWXYZt 

#AijgDEgHIfl3LMl]Til 8:0807 



y|§ v±«fT-nr *ms«>i23 ^""^a 

-»T«-4faftyr #edAru6x wpvpn-jBff T^Aix^Ct 



,70123 456789: 



•J tl 
+T«»4 

<*>? 



\] A _ % abc defghijk lmnopqrs tuvwxyz* ! 



B. Test Pattern for terminals containing Display 
Enhancements, 128 Roman Character Set, Display 
Enhancements, Math Symbol Set, and Line Drawing 
Set. 



Figure 7-21. Self-Test Patterns 
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terminal is functioning properly (only those character sets 
actually present will be displayed in the test pattern and 
consequently the actual test pattern displayed will be de- 
pendent on which features are present in each terminal). 



Ssii^ must be pressed to resume operation if any error 

TERMINAL A i ^ 

occurred. However, the station's operation will not be reli- 
able if the Self-Test failed. 



^ START ^ 



TEST 
is pre 


Key 
ssed 


1 


f 


Turn on 
LEDs 






Calculate 
ROM checksum 





Restore original 
byte 



ROM 
TEST 
FAIL 



Increment 
RAM address 




Sound Bell 
Turn on CRT 



Set first 
RAM address 



Display character 
sets and 
enhancements 



Read a byte 
and save it 



Set Self -Test 
flag to 
successful 



Complement the 
byte and write 
it back to memory 



Display 
terminal 
status 



Reread the 
byte 



Restore 
indicators 



^ END TEST ^ 
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Figure 7-22. Self-Test Flowchart 
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Large Character Set Utility 

Since using the Large Character Set requires using up 
to nine character codes for each large character, it 
is desirable to use a utility program. A sample utility 
program is given in figure A-1 . The program is in written 
BASIC/3000 but can be adopted for use in other languages. 
The utility accepts an entire line or string of characters 
and generates the necessary codes to generate the entire 
line in Large Characters. 



9000 REM SUBROUTINE TO PRINT STRING IN L1 $ IN LARGE CHAR. SET 

9010 REM USES VARIABLES L1 $ THRU L4I, L1 THRU L3 

9020 DIM L1$[261,L2$C11],L3$C128,9],L4$C1] 

9030 IF UNDCLU-1 THEN DO 

9040 PRINT CTL(208);'27")C"; 

9050 L3$[33]«" 0 E E " 

9060 L3$[34]«" ## 

9070 L3$C35]«"C4C0 0C4C" 

9080 L3$[36]«"!C*GC*GCL" 

9090 L3IC37]-"* #3<DE 

9110 L3$C383- M * 4 4 " 

9100 L3$[393«" E 

9120 L3$[40]« M, 4 0 G4 " 

9130 L3IC41 ]«" 4* 0 4L" 

9140 L3$[42]«" C K 11 

9150 L3$[431«" C 

9160 L3$C44]«" L M 

9170 L3$[45]«" 4 

9180 L3$[46]«" E " 

9190 L3$C473«" #3<DE " 

9200 L3$[48]«"!4*0 0G4L" 

9210 L3$[49]« M - 0 E " 

9220 L3$C50]« M !4*!4LF4, M 

9230 L3IC51 ]«"!*♦ 4§G4L" 

9240 L3*C52]«"# #F4C E M 

9250 L3I [ 53 ] - ' 34"* ,F4*G4L M 

9260 L3$[54]« M, 4*/4*G4L M 

9270 L3$[55]«"X4. >D E " 

9280 LSICSeWU + S^GtL" 

9290 L3$[57]« M, 4*G4?G4L M 

9300 L3$[58]« M E E " 

9310 L3$tS9]« M E L Bi 

9320 L3$[60]«" 3 2 

9330 L3$[61]« M 4 4 " 

9340 L3$[623«" ) D 

9350 L3$[63]«"!4* >D V Bi 

9360 L3$C65]«"!4*/4?E E" 

9370 L3$[66]«'34 M 4*/4#F4L M 

9380 L3$C67]«"!4*0 G4L" 

9390 L3$C68]«'34"4*0 0F4L" 

Figure A-1. Large Character Set Utility Routine (sheet 1 of 2) 
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9400 L3$[69]«'34"A,/A FA," 
9410 L3$[70]»'34"A,/A E " 
9420 L3$[71 ]«"«A*0 .GAL" 
9430 L3$C72]«"# #/A?E E" 
9440 L3IC731-" '01" 
9450 L3IC74]-" # OGAL" 
9460 L3$C75]«"# #/6AE E" 
9470 L3$[76]«"# 0 FA," 
9480 L3$[771«"$(-070E E" 
9490 L3$C78]«"$)#08BE E" 
9500 L3l[79]«'34"A.O OFAM" 
9510 L3I[80]«'34"A*/ALE " 
9520 L3SC81 ]«"!A*0 OGAN" 
9530 L3$[82]«'34"A*/A#E E" 
9540 L3$C83]«"!A*GA*GAL" 
9550 L3$[84]»"X' , 0 E " 
9560 L3$[85]*"# #0 OGAL" 
9570 L3$C86]«"# #0 02JD" 
9580 L3$[87]«"# #090HKD" 
9590 L3$[88]«"# #1 :AE E" 
9600 L3$[89]«"# #2;D E " 
961 0 L3$ [ 90 1 « ' 34"* . 3<DF AM" 
9620 L3$[91 ]«'34"A 0 FA " 
9630 L3$C93]«" A. 0 AM" 
9640 L3$[951«" AAA" 

9650 DOEND 

9660 FOR L1-1 TO LENCL1 % ) 

9670 L2«NUM(UPS$(L1$CL1 f L1 3)) 

9680 IF L3ICL2]-"" THEN PRINT CTLC208) ; '27"Aa*3C" ; 
9690 ELSE DO 

9700 PRINT CTL<208);'14*L3$CL2,1 , 3] ♦ '27"Aa-3c*1 R"* ' 1 4 

♦L3$CL2,4,6]*A'27"Aa-3c*1R"*'14*L3$CL2,7,9]*'27"Ae-2R"; 
9710 DOEND 

9720 NEXT L1 

9730 PRINT CTL(208);'27"Aa*3R"'13'10; 

9740 RETURN 
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Figure A-l. Large Character Set Utility Routine (sheet 2 of 2) 
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Table B-1. Programmers Reference Table 



KEY or SWITCH 



ESCAPE or 
CONTROL 
CODE 



KEY or SWITCH 



ESCAPE or 
CONTROL 
CODE 



COMMUNICATIONS GROUP 



DUPLEX switch 



PARITY switch 



BAUD RATE switch 



HALF: typed characters are processed 

and transmitted to the computer. 

FULL: typed characters are transmitted 

to the computer and not processed 
by the terminal. 

When set to EVEN/ODD/NONE, even/odd/ 
no parity is transmitted for each character. 
Incorrect parity: a "cj" or " " is displayed. 

Selects data transmission rate of 110, 150, 
300, 1200, 2400 baud. EXT: any rate be- 
tween 1 10 and 2400 can be selected from 
an external source. The 1 10 baud rate 
uses 2 stop bits; all others use one stop bit. 



EDIT AND CONTROL GROUP 



RESET TERMINAL key 
TEST key 



DISPLAY 
FUNCTIONS 
key and indicator 



BLOCK MODE 
latching key 



REMOTE 
latching key 



CAPS LOCK 
latching key 



MEMORY LOCK 
key and indicator 



ESC Y [on] 
ESC Z [off] 



ESC I [on] 
ESC m [off] 



AUTO LF 
latching key 



ENTER key 
TRANSMIT indicator 



The terminal is initialized to the power-on 
state. 

A diagnostic test of memory, ROM, and 
the display is performed. If a failure is 
detected an appropriate error message 
is displayed. If no error is detected a standard 
test pattern is displayed. 

All escape codes and control functions 
(typed or received) except ENQ, DEL, 
NULLS and carriage return (CR) are dis- 
abled and displayed. Carriage return is dis- 
played but not disabled and performs both 
a carriage return and a line feed. ENQ, DEL 
and NULLS are only displayed when the 
terminal is set for local operation. 

When the terminal is in Block Mode, 
typed data is displayed but not trans- 
mitted to the computer until requested 
by the computer or until the ENTER key 
is pressed. Otherwise, the terminal is in 
Character Mode and data is transmitted 
as typed. 

The terminal is in Remote (on-line) oper- 
ation. Otherwise, the terminal is in Local 
(off-line). 

Locks all alphabetical keys to upper-case 
characters; @, [, ] , \, A , locked in lower- 
case; other numerical/symbol keys oper 
ate normally. 

If Memory Lock is enabled when the 
cursor is in the top line of the display 
the indicator is lighted and data is pre- 
vented from rolling off the top of mem- 
ory. The MEMORY LOCK indicator 
blinks and an audible "beep" is gener- 
ated when memory is full. Additional 
data, typed or received is ignored. If 
the cursor is not in the top line of the 
display when Memory Lock is enabled, 
displayed data above the cursor is frozen 
on the screen. Once the display is full 
the bottom lines on the display roll 
around the frozen data as additional data 
lines are typed or received. 

Causes a line feed from time a carriage 
return is generated by the terminal. 

Enables block transmission 

The indicator will be lighted when clear 
to send is high. 

Transmits a 200 ms space on the asynchro- 
nous data communication line and sets 
secondary channel transmit low for 200 ms. 



f] key 
f2 key 
f3 key 
f4 key 
f5 key 
f6 ke V 
f7 key 
f8 ke V 



ESC p 
ESCq 
ESC r 
ESC s 
ESC t 
ESC u 
ESC v 
ESC w 



ENHANCE DISPLAY 

key 



START UNPRO- 
TECTED FIELD key 



END UNPRO- 
TECTED FIELD key 



FORMAT MODE 
key and indicator 



LINE FEED key 



PRINT key 
INSERT LINE key 



DELETE LINE key 



INSERT CHAR key 
and indicator 



ESC W [on] 
ESC X [off] 



ESCQ [on] 
ESC R [off] 



DELETE CHAR key 



Special Function Keys. These are alter- 
nate control action keys. If these keys 
are pressed in conjunction with the 
CNTL key, the terminal transmits the 
corresponding escape code sequence. In 
Block Mode the terminal informs the 
computer that the key has been pressed 
by transmitting a DC2. The corresponding 
escape sequence is transmitted in response 
to a DC1. These escape code sequences 
can be used to perform any user-defined 
special functions by the computer. If 
these keys are pressed without using the 
CNTL key, the functions printed below 
the keys are performed. 

Precedes a single letter (@, A through O) 
indicating one of the 16 combinations of 
Half-Bright, Underline, Inverse Video, 
Blinking to be displayed: 



Features On (x): 





<a 


A 


B 


C 


D 


E 


F 


G 


H 




J 


K 


L 


M 


N 


O 


Half 
Bright 


































Underline 
















- 


















Video 


































Blinking 


































End 



































Characters from the cursor position to 
the end of the current line or the next 
End Unprotected Field are unprotected 
in Format mode. Set while out of Format 
mode. 

Characters from the cursor position to 
the end of the current line or the next 
Start Unprotected Field are protected. 
All lines are automatically protected 
unless otherwise specified by the use of 
Start Unprotected Field. Set while out 
of Format mode. 

Only unprotected fields are operated on. 
Attempting to type into a protected field 
will move the cursor to the next unpro- 
tected field for data entry. The cursor 
home position is the first unprotected 
field location. 

Moves the cursor down one line. Disables 
Space Overwrite Latch. If the cursor is in 
the last line displayed on the monitor, a 
roll up is performed. 

The contents of the terminal's memory 
are printed if the printer is present. 

The line containing the cursor and the 
remaining lines below the cursor line are 
rolled down and a blank line is inserted. 
The cursor is moved to the first column of 
the new blank line. Disabled in Format 
Mode. 

The line containing the cursor is deleted 
and the remaining lines below the cursor 
line are rolled up. The cursor is moved 
to the first column of the first line rolled 
up from below and deleted line. Disabled 
in Format Mode. 

Succeeding typed or received characters 
are inserted at the cursor position. As 
each character is inserted at the cursor 
position, the cursor and the characters 
to the right of the cursor are moved 
right one column. Control codes at the 
cursor position are not moved. Charac- 
ters moved out of column 80 are lost. 
Operates on a field-by-field basis in 
Format Mode. 

The character (including control codes) 
at the cursor position is deleted and all 
characters to the right of the deleted 
character are moved left one column. 
Operates on a field-by-field basis in 
Format Mode. 
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Table B-l. Programmers Reference Table (Continued) 



KEY or SWITCH 


ESCAPE or 
CONTROL 
CODE 


FUNCTION 


KEY or SWITCH 


ESCAPE or 
CONTROL 
CODE 


FUNCTION 


NUMERIC PAD AND DISPLAY CONTROL GROUP 




DC1 (Q c ) 


Triggers a block transfer. Note that no 


Ten-Key Numeric Pad 
CLEAR TAB key 


ESC 2 


Functions as an adding machine format 
keyboard. 

Clears a tab at the current cursor column. 




DC2 (R c ) 


block transfer requested by the computer be- 
gins until triggered with a DC1. 

Block transfer enable from terminal 


SET TAB key 


ESC 1 


Sets a tab at the current cursor column. 




CAN (X c ) 


A code is sent to the computer to cancel the 
current line. 


CLEAR DSPLY key 

ROLL UP key 
ROLL DOWN key 


ESC J 

ESC S 
ESCT 


Clears memory (and display) from the cur- 
rent cursor position to the end of memory; 
or to the end of line if CNTL is simul- 

Moves the entire display up one line by dis- 
playing the next line from memory 
Cursor is stationary. 

Roll Down. Analogous in operation to Roll 




RS (AC) 

US (_ c ) 

ESC a 
ESC* 
ESC b 


Record Separator. Terminates a block 
transfer. 

Unit Separator. Separates fields in Block 
Mode, Format On. 

Cursor sensing (absolute). 

Cursor sensing (relative). 

Enables the terminal keyboard. 


NEXT PAGE key 
PREV PAGE key 


ESC U 

ESC V 


Displays the next 24 lines of memory. The 
cursor is moved to the first unprotected loca- 
tion on the new page. 

Previous Page. Analogous to Next Page. 




ESCc 
ESCd 


Disables all keyboard keys except for the 
RESET TERMINAL key. 

The computer informs the terminal to begin 
information transmission to the computer. 




ESC A 


the display. If the cursor is in the top line, it 
is wrapped around to the bottom line of the 
display. 




ESC G 
ESC I 


Moves the cursor to the first column of the 
current line. 


1 key 
-» key 


ESC B 
ESC C 


Cursor Down. Analogous to cursor up. 

Cursor Right. Moves the cursor right one 
column on the display. Cursor wrap around 
to next line, or to the top line from the 
bottom. 


CLEAR DISPLAY 0 key 


ESC K 
ESC &a 


Clears the line from the cursor position to 
the end of the current line or current unpro- 
tected field. 

Precedes a parameter sequence used to set 
cursor location. 


*- key 
n key 


ESC D 
ESC H 


Cursor Left. Analogous to cursor right. 

Cursor Home. Moves the cursor to the first 
position of the data in the display memory. 




ESC &b 


Precedes parameters making up a program 
which is loaded into the terminal and exe- 
cuted. This function is to be used by HP 
diagnostics only. 








- 


ESC A 


Transmits six bytes of terminal status as a 
block transfer representing memory size, 
lower straps, upper straps, latching keys, 
transfer pending flags, error condition flags, 


CHARACTER SET GROUP 






Alphabetical numerical, 
and symbol keys 




This group of key functions similarly to a 
standard typewriter keyboard. ASCII charac- 
ter codes are generated for upper and lower 
case letters, numbers and symbols. 




ESC ) 


and ended by a terminator. 

Precedes a parameter (@, A, B, C) which 
indicates which of four character sets will 
be the alternate set. 


ESC (escape) key 
TAB key 

CNTL (control) key 


ESC ( [ c ) 
HT (l c ) 

( c refers to 
CNTL key) 


Generates the ASCII escape code. 

The TAB key moves the cursor to the next 
tab position to the right; or if none, the first 
column of the next line. In Format Mode, 
the cursor is moved to the start of the next 
Unprotected Field, disregarding normal hori- 
zontal Tab stops. 


\ c key 


ESCf 
ESC F 


Modem disconnect when used with 13250A 
card. 

Cursor home-down. 


When pressed in conjunction with any alpha- 
betical key or @, I, \. I , A , ,',{,!,}, ~, 
DEL, the CNTL key converts the character 
code for that particular key into an ASCII 
control code. Control codes and functions, 
except RS, are not displayed unless in Dis- 
play Functions mode. 


MAINFRAME REAR PANEL SWITCHES 






PWR ON/OFF switch 




Primary power to the terminal is turned 
ON/OFF. Initial state: display and memory 
clear, cursor home, programmable func- 
tions off, Transmit Mode on. 


BACKSPACE key 


BS (H<=) 


The cursor is moved left one character posi- 












tion. If the cursor is in the first column, it 
remains there. 








RETURN key 


CR (M c ) 
ENQ (E c ) 
ACK (F c ) 
BEL (G c ) 


Returns cursor to beginning of its current 
line. Enables Space Overwrite Latch. 

Enquiry signal from the computer to the 
terminal. 

Acknowledge signal from the terminal to the 
computer in answer to an Enquiry. 

Bell. Causes terminal to emit an audible 
"beep" 


STRAPPING OPTIONS: 

• Enable major function keys to transmit their respective escape sequences. 

• Enable Space Overwrite Latch.* 

• Disable end of line wrap around. 

• Enable an entire block (from the cursor position to the end of memory) to be transmitted 
in Block Mode; otherwise, a line at a time is transmitted in Block Mode. 

• Reverse the effect of the CNTL key associated with the 8 special function keys 

• Enable wait for DC1 before sending a DC2 in response to pressing the enter key. 

• Enable sending of a DC2 before transmission of data for all block transfers. 

• Disable transmission of DC2 by terminal for character or block transfers. 




SO (N c ) 


Changes characters from the cursor position 
to the end of the line or the next O c to alter- 
nate character set. (Refer to ESC). 


* When SPOW latch is set, the space code performs a cursor right function. 

When SPOW latch is reset, space codes overwrite existing characters. If the option is 
disabled, the latch is always reset. 




SI (O c ) 


Changes characters from the cursor position 
to the end of the line or the next N c to the 
base character set. 


NOTE; The number of control characters allowed in a single line is dependent upon 
memory configuration 
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Table B-2. ASCII Code Chart 



7 

BIT 6 
4321 5 


CONTROL (CNTL) 
CHARACTERS 


DISPLAYABLE 
CHARACTERS 


ESCAPE KEY PRESSED FIRST 


0 

0 

0 


0 

0 

1 


0 

1 

0 


0 

1 

1 


1 

0 

0 


1 

0 

1 


1 

1 

0 


1 

1 

1 


0 

1 

0 


0 

1 

1 


1 

0 

0 


1 

0 

1 


1 

1 

0 


1 

! 1 

1 


0000 


Vu 

NUL \ 


Vl 

DLE \ 


SP 


0 


@ 


P 




P 


\^SP 


\ 0 

DD IMT 

rri l rSI \ 


\@ 


\ p 

DELETE \ 

PUAD 


\ \ 
CURSOR\ 

relativeX 

CCMCC 
OCIV JL 


\ p 

f 1 \ 


0001 


Vh 

SOH > 


Vi 

DC1 > 


! 


1 


A 


Q 


a 


q 


\. 


SET ^"^X 

TA D 
1 M D 


\ 

a CURSOR \ 

Ur 


\ Q 

INSERT \ 
CHAR \ 
r\K\ 


\ a 
cursor\ 
absolute\ 

ot Not 


f 2 \ 


0010 


\ 

STX > 


V 2 

DC2 > 




2 


B 


R 


b 


r 


\. If 


\ 

CLEAR \ 

TAD 
1 A D 


\ 

■ CURS0R\ 
uvjwrN 


\ R 

INSERT\ 
CHAR \ 
\Jr r 


V 

keyboard\ 
enable 


f 3 \ 


001 1 

\J\J 1 1 


Vx 

ETX > 


\°3 
DC3 ^ 


# 


3 


C 


S 


c 


s 


\# 


v 


\c 

CURSOR\ 

nip NT 

n 1 Cj H T 


\s 

ROLL \ 

1 ID 

Ur 


Y 

KEYBOARD\ 
DISAB LE 


f 4 N 


0100 


Vt 

EOT > 


\°4 
DC4 > 


$ 


4 


D 


T 


d 


t 


\$ 


\ 


\d 
cursor\ 

Lt r 1 


\ T 
ROLL \ 

UL/VV IN 


\ d 

CIV 1 C ri 


„\ 


0101 


Vq 

ENQ > 


\k 

NAK > 


% 


5 


E 


U 


e 


u 


\% 


\ 5 


\ E 

RESET \ 
IbHM 1 N A L 


\u 

NEXT \ 
PAGE 




f 6 ^ 


01 10 


Vk 

ACK ^ 


Vy 

SYN ^ 


& 


6 


F 


V 


f 


V 


\ & 

PARA- \ 
METER \ 
obUUtlNLt 


\ 6 


\ F 
CURS0R\ 
HOME \ 

r"V/"M AIR. 1 

DOWN 


X v 

PREV \ 

r Mo c 


\ f 

MODEM \ 
DIS \ 
CONN ECT 


Vv V 

f 7 V 


01 1 1 


BEL N 


ETB N 


r 


7 


G 


w 


g 


w 




\ 


\g 

CURSOR \ 

RFTI IRM 


\ w 

FORMAT\ 
MODE \ 
ON 


\g 


\. w 
f 8 > 


1000 


Vs 

BS ^ 


Vn 

CAN ^ 


( 


8 


H 


X 


h 


X 




\ 


\ H 
CURSOR\ 
HOME \ 


V 

FORMAT\ 
MODE \ 
OFF 


\ 


X 


1001 


\ 

HT N 


\m 

EM > 


) 


9 


I 


Y 


i 


y 


defineO 

CHAR \ 




HORI \v ' 
ZONTAL \ 

TAD 

1 MB 


V 

display\ 
functionsn 

ON 






1010 


\ 

LF N 


Vb 

SUB ^ 


* 


; 


J 


z 


j 


z 




\ 


\j 

CLEAR \ 
DSPL Y 


\ z 
displayX 
functionsn 

OFF 




>v 2 
TERMINALS 

PC 1 C TCCT ^ 


101 1 


Vr 

VT > 


Vc 

ESC > 


+ 


t 


K 


I 


k 


{ 


\ + 




ERASE \ 
TO END \ 
OF LINE 


START >J 
UN PROTECTS 
Fl F 1 D 

i 1 U. LU 


\ 




1100 


\ 

FF N 


\ 

FS N 


9 


< 


L 


\ 


I 


1 
f 






\ L 

INSERT \ 
LINE 


\ 


\ 1 

MEMORY\ 
LOCK \ 
ON 


\ 


1101 


Vr 

CR ^ 


Vs 

GS ^ 






M 


I 


m 


} 






\ M 

DELETE \ 
LINE 


END \ 

UNPROTECT\ 

FIELD 


\ m 

MEMORY\ 
LOCK \ 
OFF 


Nl 


1110 


\ 

SO N 


Vs 

RS ^ 




> 


N 


A 


n 




\ 






V 

TERMINAL\ 
STATUS 




\ 


1111 


V, 

SI ^ 


US N 


1 


? 


0 




0 


DEL 


\ / 




\ 


\ 


\ s o 


\del 



Example: J is bits 1001010; Control J is LF line feed; Escape (ESC) followed by J is CLEAR DISPLAY 



LEGEND 



AK 


— ACKNOWLEDGE 


EM 


— END OF MEDIUM 


NK 


— NEGATIVE ACKNOWLEDGE 


o 


- BELL 


EQ 


— ENQUIRY 


RS 


- RECORD SEPARATOR 


BS 


— BACKSPACE 


ET 


— END OF TRANSMISSION 


SI 


— SHIFT IN 


CN 


— CANCEL LINE 


EC 


— ESCAPE 


SO 


- SHIFT OUT 


CR 


— CARRIAGE RETURN 


EB 


— END OF TRANSMISSION BLOCK 


SP 


- SPACE 


D1 


- DEVICE CONTROL 1 


EX 


- END OF TEXT 


SH 


START OF HEADING 


D2 


- DEVICE CONTROL 2 


FF 


- FORM FEED 


SX 


— START OF TEXT 


D3 


— DEVICE CONTROL 3 


FS 


- FILE SEPARATOR 


SB 


- SUBSTITUTE 


D4 


- DEVICE CONTROL 4 


GS 


— GROUP SEPARATOR 


SY 


— SYNCHRONOUS IDLE 


DEL 


— DELETE 


HT 


— HORIZONTAL TABULATION 


US 


— UNIT SEPARATOR 


DL 


— DATA LINK ESCAPE 


LF 


— LINE FEED 


VT 


— VERTICAL TABULATION 



NOTES: 1. LOWER CASE LETTER, LOWER CASE SYMBOL, AND CONTROL CHARACTER CODES ARE GENER- 
ATED BY STANDARD TERMINAL, BUT ASSOCIATED CHARACTERS ARE NOT DISPLAYED ON THE 
SCREEN. 

2. SINGLE CHARACTER ESCAPE SEQUENCES AND CONTROL CODES NOT LISTED WITH A FUNCTION 
ARE NEITHER ACTED UPON NOR DISPLAYED. 

3. SHADED CHARACTERS PRODUCE SPECIAL GRAPHIC CHARACTERS ON THE HP 2640N AND HP 2640S 
TERMINALS. REFER TO THE PREFACE FOR ADDITIONAL INFORMATION. 
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Table B-3. Coding the Large Character Set 



The elements of the Large Character Set are associated 
the keyboard as pictured below: 



QCDCDCDG0QQ0CDOQQO© 
0OQ0QGGQQ0Q0Q0 
00000000000000 
GD0 O0OQOQB0 0GO 
f ) 

V 

Large Character Set: 



1 

1 


# 

0 

s 




X4, 


Q G4? 
\J G4L 


"4 , 

E " 

1— Ft, 


Q 00 

\J G4N 


] ,; 

J XM 


■ 

1 


» 
# 

E 


U 


## 

FM 


II 


// 


■ 


Z 


■ 
■ 


Z 

z 


F >/ 


R ;i 


A 


9 

K 


J 


* 
# 

GL 


u 


## 

GL 






* 

4 


i 

/ 


Y 

L 


1 4* 

G 0 

G4L 


_ ! 4 + 
O G4L 




AAA 


h s 


u 


## 

HD 


\JJ GCL 


0 £ 


< 


3 
2 


■ ■ # # 

H ^ 


T s 




1 ! 


K 


5# 

EE 


P P 
3<D 

ft Y Y 


1 1 




X4, 

X4, 


I : 


U 00 

W G4L 


a 


1 _ 

GM 


n 


$- 

EE 


M 


## 

G? 


fit 


1 ♦ 

5IC 

GAL 


2 £ 


> 


) 
D 


J i 


II 99 

u 




n 


EE 




X. 

F, 


1 


# 


3 : « 

O G4L 


? 

i 


•4* 

>D 

S 


K H 


1 1 090 
VA HKO 


c 


i 

G , 


0 


i ♦ 

GL 


^ G, 


G, 


4 


/ / 

F4C 

E 


nl *° 

Mf GIL 


L ; 

1— Ft, 


X 'A 


j 

U GM 


P 


/L 




1 
1 


Q 
U 


1 ° 

J XL 


t Ft + 
O GIL 


fl K 


n Fi 


Y v 


C 


i ♦ 

G, 


q 


G? 


} ' : 

J XL 


X 


1 : A 


R * + 

K-r g»l 


B £ 


Kl $)# 


y7 3<D 

LJ F4N 


f r 


r 


i 

e' 




+ 


# 

XC, 
4 


— X*. 
7 E 


O GtL 


□ ° ° 

LJ F4M 


ii 

[ i 


q 


i 

G? 




i 

XL 


: 


1 


: ::: 




L 


8 l - 

W G4L 


D ; " ; 

LJ F4L 


P ? : 


\ H 


h £ 


\ * 

V GL 
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th Each large character is actually made up of nine character 
segments. An example of constructing the letter "B" using 
the Large Character Set follows: 
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Table B-4. Specifications 



GENERAL 


ENVIRONMENTAL CONDITIONS 


Screen Size: 127 mm (5 inches) X 254 mm (10 inches) 


Temperature, Free Space Ambient: 


Non-Operating: -40 to +75°C (-40 to + 167°F) 


Screen Capacity: 24 lines X 80 columns (1,920 characters) 


Operating: 0 to 55°C (+32 to +131°F) 


Character Generation: 7X9 enhanced dot matrix; 9 X 


Humidity: 5 to 95% (non-condensing) 


15 dot character cell; non-interlaced raster scan 






Altitude: 


Character Size: 2.46 mm (.097 inches) X 3.175 mm 




(.125 inches) 


Non-Operating: Sea level to 7620 metres (25,000 feet) 




Operating: Sea level to 4572 metres (15,000 feet) 


Character Set: 64 upper-case 




Vibration and Shock (Type tested to qualify for normal 


Cursor: Blinking-Underline 


shipping and handling): 


Display Modes: White on Black; Black on White 


Vibration: .30 mm (0.012") pp, 10 to 55 Hz, 3 axis 


(Inverse Video) 






Shock: 30g, 11 ms, 1/2 sine 


Refresh Rate: 60 Hz (50 Hz optional) 






PHYSICAL SPECIFICATIONS 


Tube Phosphor: P4 






Display Monitor Weight: 16.8 kg (37 pounds) 


Implosion Protection: Bonded implosion panel 






rxcyuuaiu vvciyiii. o.c i\y \/ [Jvjuiiuo^ 


Memory: MOS, ROM: 8K bytes (program); RAM; 




std. 1024 bytes; 8 kilobytes max. 


uispiay Monnor uimensions. e *** e * rnrnvv a ^0/ rnrnL> 




X 342 mmH (17.5"W X 18"D X 13.5"H) 


Keyboard: Detachable, full ASCII code keyboard, 


(648 mmD (25.5"D) including keyboard) 


8 special function keys, and 12 additional control and 




editing keys; ten-key numeric pad; cursor pad; multi- 


Keyboard Diemnsions: 444 mmW X 216 mmD X 90 mmH 


speed auto-repeat, N-key roll-over; 1 .22m. (4 foot cable). 


(17.5"W X 8.5"D X 3.5"H) 


DATA COMMUNICATIONS 


POWER REQUIREMENTS 


Data Rate: 110, 150, 300, 1200, 2400 baud, and 


Input Voltage: 115 (+10% -23%) at 60 Hz (±.2%) 


external-switch selectable (110 selects two 


230 (+10% -23%) at 50 Hz (±.2%) 


stop bits) 






Power Consumption: 75 W to 120 W max. 


Standard Asynchronous Communications Interface: 




EIA standard RS232C; fully compatible with Bell 


PRODUCT SAFETY 


iuoa moaems, compaiiDie wnn ben tu^wu/o/ 1 




modems. Choice of main channel or reverse channel 


Product meets: 


line turnaround for half duplex operation. Optional 


UL Requirements for: EDP equipment, office appliances, teach- 


current loop, split speed, custom baud rates. 


ing equipment 




CSA Requirements for: EDP equipment 


Transmission Modes: Full or half duplex, asynchronous 






U.L and CSA labels are applied to equipment shipped to 


Operating Modes: On-Line; Off-line; Character, Block 


the U.S. and Canada. 


Parity: Switch selectable; Even, Odd, None 
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COMMUNICATIONS FLOWCHARTS 



APPENDIX 



This appendix contains reference information on terminal 
communication functions. This material consists of the 
following flowcharts and tables: 

• ASCII code table 

• Overall communications flowchart 

• Keyboard communication switches 



Table C-1 is a list of the ASCII characters and their deci- 
mal equivalents. 

The flowchart in figure C-1 illustrates the overall com- 
munication function. The various configuration parame- 
ters (switches) are included in the diagram. Detailed de- 
scriptions of the switches are given in sections V and VII. 
Figure C-2 illustrates the way the terminal responds to 
various keyboard switches. 
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Table C-l. ASCII Character Set 



CIMAL 
\LUE 


GRAPHIC 


COMMENTS 


ALTERNATE 
CHARACTER 


DECIMAL 
VALUE 


GRAPHIC 


COMMENTS 


0 




Null 




64 


(a 


Commercial at 


1 




umi t ui iicau-iug 


A c 


65 


A 


Uppercase A 


2 




Start of text 


\ b c 


66 


B 


Uppercase B 


3 




End of text 


; C° 


67 


C 


Uppercase C 


4 




End of transmission 


D c 


68 


D 


Uppercase D 


5 




Enquiry 


E c 


69 


E 


Uppercase E 


6 




ArknowlpH<7p 


F c 


70 


F 


Uppercase F 


7 




Bell 


G c 


71 


G 


Uppercase G 


8 




Backspace 


H c 


72 


H 


Uppercase H 


9 




Horizontal tabulation 


r 


73 


I 


Uppercase I 


10 




Line feed 


j c 


74 


J 


Uppercase J 


11 




Vertical tabulation 


K° 


75 


K 


Uppercase K 


12 




Form feed 


L° 


76 


L 


Uppercase L 


13 




Carriage return 


M c 


77 


M 


Uppercase M 


14 




Shift out 


N c 


78 


N 


Uppercase N 


15 




Shift in 


O c 


79 


o 


Uppercase O 


16 




udla lllltv cotdpc 


pc 


80 


p 


Uppercase P 


17 




uevice control i ( a. - w in i 


Q c 


81 


O 


T Tr»r»<*t*pQ bp o 


18 




Device control 2 


R c 


82 






19 




Dpvipp rontrnl 3 (X-OFF) 


S c 


83 


s 


Uppercase S 


20 








84 


T 


Uppercase T 


21 




Negative acknowledge 


U c 


85 


u 


Uppercase U 


22 




OJrlH-luUIlUUO 1U1C 


V c 


86 


v 
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Figure C-l. Communication Flowcharts (Sheet 1 of 3) 
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Data Comm. (Called whenever a character 
needs to be transmitted.) 





(5) When using half duplex modems such as 
Bell 202 S/T only one pad may be sent 
due to communications timing. 
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Figure C-l. Communication Flowcharts (Sheet 2 of 3) 
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Figure C-l. Communication Flowcharts (Sheet 3 of 3) 
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Figure C-2. Keyboard Communication Switches Flowcharts (Sheet 1 of 3) 
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Figure C-2. Keyboard Communication Switches Flowcharts (Sheet 2 of 3) 
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Figure C-2. Keyboard Communication Switches Flowcharts (Sheet 3 of 3) 
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